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5 processes are carried out 
economically in ‘Surface’ ALL- 
CASE Furnaces: case carburiz- 
ing, dry cyaniding, clegth, 4 
ening, homogencoms qndati 
carbon rest 
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Manufacturets . SOPAT EN a COD , = 
shops must have flexibility of processes and temperatures All this is possible, a Z 
and high production too, in the ‘Surface’ ALLCASE batch-type furnace. PRODUCTION 


High beating rates: Up to 200 lbs. per hr. of work per sq. ft: of hearth 
area, Gross furnace charges up to 1600 lbs. can be processed. Operating temperature range is 
1375-1750°F. Heating: ALLCASE furnace features radiant tube heating with inherent advan- 
tages of forced convection. High speed fan recirculates atmosphere gases to provide uniform 
heating of dense loads, uniform case depth within the loads, and increased heating rates. 


Less labor: Actual labor required in furnace operation is roughly 1/2 the time of 1 man. 
Economy of operation: For maximum capacity 
loads while dry cyaniding (to case depths of 


.007-.010-in.) between 1.2-1.5 cu. ft. of 1000 

Btu gas are consumed per lb. of work treated. F q 
Write today for reprint 50-E giving Ui ace 
full information on the ‘Surface’ 


ALLCASE Furnace. y NDUSTRIALE. 
FURNACES 





SURFACE COMBUSTION CORPORATION TOLEDO 1, OHIO 
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Ais fT was saying — 


second thought, all babies are new, 
sO my opening sentence should be 
changed to “A baby has been born 
This child of destiny was particularly 
astute in the selection of a permanent 
domicile. The baby might have selected the regions of 
eternal snow or a spot on top of the equator, but no such 
ae for this fair one! It selected a place in the 
U.S.A. “where summer spends the winter” and the tourist 
spends and spends and spends, where the wild flowers in 
all their grandeur and varied hues carpet the desert and 
the mountain slopes surrounding this veritable oasis, 
where the health and pleasure-seeking populace long ago 
made the discovery and where lately the metals industry 
has taken firm root and is itself blooming into extensive 
prosperity 
So the spot where this ASM baby joined the large 
family of ‘~-2T was not Palm Springs or New Orleans 
or El Paso, but it nestled itself in the Valley of the Sun in 
beautiful and intriguing Arizona with the “Phoenix Area” 
designated as its base of operation 


There was a most unusual and happy feature connected 
with the coming into existence of this Chapter of the ASM 
an experience that had never before occurred in the history 
of the Society — namely, that one of the officiating doctors 
assisting in the labor of love was no other than Billy 
Woodside, the originator of the ASM, chairman of the 
board of the Park Chemical Co. of Detroit, a past-president 
of the ASM and now, retired, a resident of Phoenix 

Billy, as you all know, originated the idea of the 
Society and organized the first chapter in Detroit in 1913 
Now, approximately 40 years later, he has assisted in the 
formation of its 82nd Chapter. 

Another unique feature was that, with the presence 
of the national secretary, only the presence of Col Albert 
E. White was needed to have had all the ASM's living 
founder members at the meeting 

Through the energy and perseverance of Don Rich 
formerly of Denver and Charles City, Iowa— now asso- 
ciated with the Vernon Tool Co.—and with the able 
assistance of William B. Arness, an engineer with Good- 
year Aircraft and an ASMember of long standing, 60 metal 
engineers attended, on March 31, the organization dinner 
at the Hotel Westward Ho. (Remind me sometime to tell 
you about how the porter filled the Westward Ho bus at 
the Union Station.) 


Meeting with this group also provided an unusual ex- 
perience for me because it marked the 70th time in the 
last 34 years that I have been present and assisted in the 
formation of one of our Chapters 


As I outlined to those in attendance the possible serv- 
ices of an ASM Chapter to its members and to industry 
and recounted the present services of the national body 
and its plans and hopes for the future, I became conscious 
that the Society has made commendable progress up the 
endless ladder of success. While even in the early days 
ASM hitched its wagon to the stars, it was an awakening 
to realize how many of the original aims and purposes had 
long ago been accomplished — how other and more ad- 
vanced plans had become a matter of record— how from 
year to year and month to month and even day by day 
the changing world presented new avenues for increased 
activity and acceptance of new responsibilities, as well be- 
comes the ASM, the engineering society of the metals 
industry 

I pointed out to those present, as I have pointed out 
many times before, that the present success and high 
position of the Society are due to the untiring efforts, 
sacrifices and faithful cooperation of all the members and 
not to the efforts of any single individual or small group 
of individuals 

So here is a salute and a rousing welcome from all the 
21,422 members of the ASM to the Phoenix Area Chapter, 
the newest of them all! May it live long to serve the 
metals engineer and the metals industry 


\ NEW BABY has been born —but on 


Cordially yours, 


W. H. Etsenman, Secretary 
AMERICAN SOCIETY FoR METALS 
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Typical products 
centrifugally cast in 


thermalloy 


Jet Rings 

Piston Rings 

Radiant Tubes 
Composite Rolls 

Furnace Hearth Rollers 
Retorts— Magnesium, Annealing, etc. 
Dry Shafts for steel plants 
Furnace Supports 
Cylinder Liners 

Stainless Rolls 

Idler Drums 

Feed Pipes 
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For production of cylindrical shapes in all grades of 
THERMALLOY*, Electro-Alloys now offers the advan- 
tages of high-volume centrifugal casting facilities. 

These advantages, as opposed to static castings, in- 
clude: improved uniformity of wall thickness; finer grain 
structure and higher density; lower finishing and machin- 
ing costs—arising from improved dimensional control. 

Our centrifugal casting facilities include horizontal 
axis machines for both sand and permanent molds. In 
addition, vertical axis machines are available for perma- 
nent mold work. High alloy castings of almost any wall 
thickness, 4” and over, can be produced in horizontal 
sand and permanent molds in sizes from 342” to 20” 
oO. D.—up to 96” in length; in vertical permanent mold 
from 20” to 34” O. D. 

For further information, call your nearest Electro- 
Alloys sales office, or write Electro-Alloys Division, 
2095 Taylor Street, Elyria, Ohio. 


*Reg. U. S. Pat. Of 
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Choose the KIGHT STEEL ,, 


vaud\5 en 


STAR-MO * 


elteMMIO 


NS 


An 8% cobalt moly steel pos- 
sessing great cutting capacity, 
unusual RED-HARDNESS value, 
and toughness. 


Its higher vanadium and carbon 
content combine to produce 
superior WEAR-RESISTANCE 

. . ideal for cutting hard mate- 
rials . . . and for holding close 
tolerances. 


A moly-tungsten steel recom- 
mended for GENERAL MA- 
CHINING operations. 


A made-to-order steel for SPE- 
CIAL PURPOSE applications. 


SEND FOR THESE 
ELPFUL BULLETINS 


For complete infor- 
mation on Circle M, 
ask for Bulletin 
SL-2032. 


For complete infor- 
mation on Van- 
Chip, ask for Bul- 
letin SL-2033. 


For complete infor- 
mation on Star-Mo, 
ask for Bulletin 
SL-2015. 


Complete informa- 
tion about Hi-Mo 
will be furnished 
upon request. 








OFFICES and WAREHOUSES: 


Hartford New York" 
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Philadelphia’ 
Dayton’ 


Pittsburgh’ 
Detroit 


gy Fath Sterling 


Cleveland 


Birmingham’ 


Chicago Los Angeles 





SCIENCE NEWS FOR YOUR HEAT-TREAT 


Scientists have long known 
that the electrical resistance 
of a piece of steel will change 
whenever there’s a change in 
the carbon content of the 
metal. This basic fact is now 
being put to work by many 
progressive metallurgists and 
heat-treaters. For L&N has applied the prin- 
ciple in a brand-new Primary Element called 
a Carbohm. In use, a Carbohm projects into 
the heat-treating furnace . . . looks rather like 
a thermocouple. 
active carbon in the furnace gas begins to in- 
crease or decrease, the Carbohm detects the 
change. An automatic controller connected 
to the Carbohm throttles the carbon supply 
up or down, to keep the furnace gas at desired 
strength. And a Micromax Recorder plots 
the result as easy to read as a record 
of temperature. 


The complete equipment—-Carbohm, Con- 
troller and Recorder—is called Microcarb 
Control. Because the furnace and its temper- 
ature control must be designed to meet the 
needs of atmosphere regulation, Microcarb 
can be used only with the Series H Homocarb 
Furnace. It’s our opinion— based on 35 years’ 
experience in making fine heat-treating equip- 
ment—-that any heat-treating department 
can do better work with Microcarb than by 
any other known means. And, because Micro- 
carb adds another automatic control to the 
carburizing process, it should enable your 
plant to cut the costs of any carburized, 
mass-produced part or parts. 


LEEDS & NORTHRUP CO. 


Electrical Measuring Instr a 





tic Controls 
Heat-Treating Furnaces 


Jri Ad TD4-623(5) 


For the first time, plant 
metallurgists can control 
carburizing by direct 
measurement of carbon 
in hot furnace gases. 


Whenever the amount of 


To top management, Microcarb 
means better competitive position 
for the individual company. 

To production executives, 
Microcarb means closer following 
of production schedules, because 
carburizing speeds and results are 
definitely more predictable than 
ever before. 

To personnel executives, Microcarb means 
cleaner, more attractive working conditions. 
And, if the heat-treat uses incentive pay, 
Microcarb helps heat-treaters increase their 
earnings, because it makes it easier for 
them to apply their skill and therefore in- 
crease their productivity. 

To metallurgists, Microcarb means some or 
all of the above advantages, plus a tightening 
of technique such as every technician likes. 
“New” or hard-to-handle steels hold fewer 
puzzles. Standard steels emerge with closer 
specifications. The heat-treat takes another 
long step toward becoming a manufacturing 
laboratory. 


Let us send you further facts about this 


new Microcarb Control. Just Check the 
coupon: 





4927 Stenton Ave., Phila. 44, Pa. 


Please send Catalog T-623; Microcarb Control & Homo- 


carb Furnaces 


Please send Sec. 1 of Catalog T-623; Microcarb Control 


only 
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simple, low-cost proportional 
control with the new 
Pulse PYR-O-VANE Controller 


For any heating process which needs pro- 
portional control for close temperature regu- 
lation . . . but which does not require the 
more complete facilities of a recording in- 
strument .. . it will pay you to investigate 
the new Pulse PyR-O-VANE Controller. 


This compact, non-recording instrument 
affords true proportional control . . . holds 
temperature within tight tolerances that 
can’t be matched by two- or three-position 
control. It’s ideal for furnaces, plastic ex- 
truders, injection molding machines and 
countless other electrically heated and fuel 
fired units having fast heating rates and 
relatively small heat capacity. The time- 


proportioning action of this PYR-O-VANE 
Controller supplies heat in exact proportion 
to the furnace needs. . . overcomes the tend- 
ency of furnaces to cycle about the desired 
control point. 


The low cost of the PYR-O-VANE Controller 
brings accurate, proportional control within 
the reach of any process. Your local Honey- 
well engineer will be glad to discuss how this 
new instrument can improve the control per- 
formance in your plant. Call him in today... 
he is as near as your phone. 


MINNEAPOLIS- HONEYWELL REGULATOR Co., 
Industrial Division, 4503 Wayne Ave., Phila- 
delphia 44, Pa. 








How pulse control 
regulates 


heat input 


Like on-off control, pulse-type time-proportional control 
turns the source of heat alternately on and off. But unlike 
on-off control, this method varies the percentage of time 
that heat is on. When more heat is needed, the controller 
increases the length of the “on” periods; when less is 
needed, it decreases them. In this manner, it provides con- 
tinuous, accurate adjustment of average heat input... . 
proportioned to the heat demand of the process. Simple 
adjustment of proportional band and cycle time custom- 
fits this new PYR-O-V ANE controller to the heating process. 
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ADJUSTABLE PROPORTIONAL BAND... DEPENDABLE OPERATION 
easily set on calibrated dial unaffected by ambient temperature, humidity 


line voltage, distance from sensing element 
ADJUSTABLE CYCLE TIME... 


six values from 3 to 72 seconds, readily obtained SELECTION OF TEMPERATURE RANGES ... 
by changing gears. available for use with thermocouples or Radia 


matic pyrometers in many standard ranges 


SIMPLIFIED MAINTENANCE... 
plug-in units can be removed and replaced in a UNIVERSAL CASE... 


few seconds readily installed, for flush or surface mounting 
H MINNEAPOLIS ll 
BROWN t*NSTRUMENTS 


Fiat ow Conitiols. H| 
@ Important Reference Data 


WRITE FOR BULLETIN NO. 1052, "PULSE Prre-O-Vawe CONTROLLER” 
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Here is a list of the most important Parker 
Products used in the metal working indus- 
try today. It’s an expanding list, growing 
as Parker research develops new products 
to broaden the field of metal treatment. 


Some of these products add durability 
and protect appearance by anchoring the 
paint and controlling corrosion. Another 


enhances performance and prolongs the 





BONDERITE 


The standard surface preparation method for metals 
to produce paint finishes of highest quality. Bonderite 
converts the surface to a nonmetallic phosphate coat- 
ing, integral with the metal, which is an excellent 
anchor for paint and an effective corrosion resistant. 
An adaptable product, simply applied in spray or im- 
mersion equipment, easily controlled for dependable 
results. Used widely, on the world’s most famous and 
admired manufactured products. 
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How many of 


you use | 


life of wearing surfaces. Others bring im- 
portant benefits to production lines, mak- 
ing new techniques practical, improving 
conventional operations. 


Every Parker Product listed here has 
proved itself. Each one is formulated and 
manufactured to the high Parker standard 
of quality to work for you with highest 
efficiency, dependability and economy. 





BONDERITE AND 
BONDERLUBES 


Cold forming of metals is faster, easier, and more 
economical of time and metal because of this proven 
combination. Bonderite and Bonderlube combine to 
form a lubrication system that makes metals flow 
smoothly, lengthens die life, cuts metal loss. Years of 
experience are behind this Parker development —90% 
of all seamless steel tubing (and millions of feet of 
welded steel tube) is drawn with Bonderite. Many Ord- 
nance items are now being manufactured with this aid. 











*Bonderite, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Of. 


M 





these PARKER PRODUCTS do 


é 


to make your metal products better? 





PARCO LUBRITE 


On gears, cylinder walls, pistons, rings, shafts, valves 
and rods, Parco Lubrite is used to create a nonmetallic 
phosphate coating on the metal. This coating holds 
lubrication under pressure, prevents metal-to-metal 
contact and resulting scuffing and scoring during initial 
operation. The smooth, easy break-in with Parco Lub- 
rite makes for longer subsequent service life. 











mt 
PARCOLACS 


A useful group of specialized products made up of 
various finishes for use after Parco Compound. Includes 
wax base finishes, stains, and rust preventive oils 
suitable for dip, spray or centrifuge application. Avail- 
able for quick or slow drying requirements. Parcolacs 
add desirable appearance and performance qualities 
to articles treated. 

















PARCO COMPOUND 


For 35 years, this Parker product has meant quality 
rust resistance for iron and steel. The dense crystalline 
phosphate coating becomes integral with the metal and 
forms an excellent base for rust preventive oil or paint 
finishes. Any iron or steel article, small or large, simple 
or complex, may be treated with Parco Compound. 




















PARCO CLEANERS 


An outstanding line of metal cleaners formulated to 
condition the metal for the next step in finishing, as 
well as to remove grease and soil efficiently. Alkali, 
acid, and emulsion types, each formulated to meet 
certain conditions of soil, production requirements, and 
finishing operations which follow. 








PARKER PRODUCTS MEET GOVERNMENT SPECIFICATIONS 


Parker RUST PROOF COMPANY, DETROIT 11, MICH. 


Please send me information on 
products checked: 
() Benderite 
[| Bonderite and Bonderlube 
(_) Perce Lubrite 
Parco Compound 


PARKER RUST PROOF COMPANY 
2216 E. Milwaukee, Detroit 11, Michigan 





Ee 





Gees 





ADDRESS 
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This Nation-Wide Field 


Peak Accuracy For 


“Bob” Campbell, Baldwin Field Engineer, reading a proving 
ring on a Baldwin testing machine in an Indiana steel plant. 


Typical calibration set-up using 5 Morehouse rings. 
In calibration of the 4,000,000 Ib. testing machine 
furnished by Baldwin for the University of Cali- 
fornia, as many as eight rings are used simul- 
taneously. 
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* Primary Calibrations 

* Preventive Maintenance 
* Periodic Rechecks 

* Major Repairs 


If you aren’t familiar with the nation-wide 
calibration service offered by Baldwin, you 
should be. No matter where you are located, 
this roving group of field engineers can mean 
the difference between just testing and con- 
sistently good testing. 

Factory trained and retrained, these men are 
experienced in all the operations necessary 
to bring mechanical testing equipment to 
peak accuracy and performance. In addition to 
calibrating your machines, they handle adjust- 
ments—take care of preventive maintenance 
—even do major repairs. Working to a factory- 
originated “Uniform Procedure,” they will 
give your testing machines the most thorough- 
going inspection you've ever seen. 

As necessary they draw on Morehouse rings 
from the Baldwin supply—the largest in the 
United States. 

Need annual inspections?—monthly inspec- 
tions?—inspections at plants across the United 
States? Baldwin Field Service can handle it on 
a regular cycle just as we do now for large 
steel companies—a cement institute—aircraft 
manufacturers—others. 

Just as it pays to buy Baldwin testing ma- 
chines, it pays to have your testing machines— 
no matter what the maker—kept at peak accu- 
racy by Baldwin’s Nation-wide Service Group. 
So write —today! 


TESTING 


EDDYSTONE DIVISION, 


Philadelphia 42, Pennsylvania 


x 





Staff Means Consisten 
Your Testing Equipment 





4. “Jimmy” McCord 
large installation and 
general trouble shooting 











, 


8. A. “Bob” Campbell 
Middlewest, 
South and Southwest 


Eastern Stotes,* 


“Horry” R. Best 


Paul M. Rollison, Jr. 
Eastern States 


Arwin Zabel 
General ond Emergency 


Arthur Oliphent 
Pacific Coast 


New England and Canada . Special Assignments 


F. J. “Frank” Morris Pe * 
Pennsylvania, Ohio, A. @. “Jake” Davis 


Michigan and Pennsylvania and Ohio 
West Virginia 


“LIMA -HAMILTON 


HEADQUARTERS 
BALDWIN-LIMA-HAMILTON CORPORATION 


In Canada: Peacock Bros., Lid., Montreal, Quebec 





CHM... 


“Bob” Scott or “Bob” 
Jackob at Chester, Pa., 
3-8211 for this nation-wide 
field service. 
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Youll be\/glad you checked 
BRISTOL'S DYNAMASTER 


Electronic temperature recorders and controllers 


A high-speed, accurate electronic brain to measure, record, and control 
d-c voltage, d-c current, resistance, capacitance —or any variable that can 
be converted into those quantities. 
The continuous-balancing circuit responds to minute changes instantly. 
Available as a self-balancing bridge or potentiometer, the Dynamaster 


is a versatile, dependable, trouble-free measuring instrument. 


BRISTOL 


= 
f / J— V4 oe / ~ 
LULALIOLL CX 1AUb; Ly , 


(sf 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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_ CHECK/THESE 


Simple design for long, trouble-free operation 

Little or no maintenance 

Electronic component uses vacuum tubes 
available from any radio supply house 

Full-scale pen travel in 7, 3, or % seconds 

Chart speeds from % in. per hour 
to 7200 in. per hour 

Multipoint recorders up to 16 points 

Same amplifier used on all Dynamaster models 
. +. can be removed and replaced with 
nothing but a screwdriver 

Periodic automatic standardization 
on potentiometer models 

Exceptionally unaffected by stray currents 
(1000 to 1 discrimination) 


Practically immune to vibration or shock 


FOR MORE INFORMATION on how 
Dynamaster can solve your measurement 
problems, use the coupon to send for 
Catalog No. P1245. 


COMPANIES LIKE THESE 


are using 
Dynamasters 


North American Cyvanamid Limited 
Jones & Laughlin Steel Corporation 


Ray bestos-Manhattan, Ine 
Manhattan Rubber Division 


Consolidated Edison Co. of New York, Inc 


Friez Instrument Division 
Bendix Aviation Corp 


Scovill Manufacturing Company 


Pratt & Whitney Division 
Niles-Bement-Pond Co 


International Harvester Company 
Westinghouse Electric Corporation 
The Johns Hopkins University 

United Aircraft Corporation 

The Sponge Rubber Products Company 
Commercial Solvents Corporation 
Armstrong Cork Company 

United States Steel Company 

Collins Radio Company 
Baldwin-Lima-Hamilton Corp 

Ruge- de Forrest Company 

National Bureau of Standards 

Bausch & Lomb Optical Company 
Koppers Company, Inc 

Bell Aircraft Corporation 

The B. F. Goodrich Company 

Bocing Airplane Company 

Industrial Nucleonics Corp 

E.1. du Pont de Nemours & Co., Ine 
Automatic Temperature Control Co., Inc 
Swindell-Dressler Corporation 

Woods Hole Oceanographic Institution 
Jarrell-Ash Company 


National Research Corporation 





THE BRISTOL COMPANY 
106 Bristel Road 


Waterbury 20, Conn. 
Please send catalog giving details of a 
Dynamaster performance to: x | 


NAME 





COMPANY 


ADDRESS 


oe ae ae es ee ee se ee es ee ee ee ee es 
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your first source 


for ALUMINUM 
FORGINGS 
































These facilities mean satisfaction 


with your 


Complete equipment to make 
forgings by all processes 
—vupset, press and drop 
hammer. 


30 years in the forging busi- 
ness, 64 years of aluminum 
experience. 


Design and development 
assistance backed by the 
world’s greatest aluminum 
research laboratories. 


Forging plants located in the 
midwest and on the west 
coast. 


All Alcoa forgings undergo thorough inspec- 
tion before shipment. The most modern 
equipment ond methods ore available to 
Alcoa plants for performing physical testing, 
metallographic and ultrasonic examination 


One of a battery of Alcoa's mechanical forg- 
ing presses. These presses ond the necessary 
heating and inspection equipment cre 
orranged for high production in Alcoa plants. 


8 


Hand forgings of extremely large size 
ore produced by Alcoa's presses and 
hammers. Alcoo has such large equip- 
ment in both forge shops. 


Ask ALCOA First whatever your need in Aluminum 


While the sale of our products is presently controlled by government regulation 
you find no limitations on help in design, application or fabrication. Your 
local ALCOA sales office is headquarters for “everything” in. aluminum 
Alcoo sales engineers w co-operate to the fullest in helping you get the metal 
you need. Look for Alcoa under “Aluminum n your classified phone book 
ALUMINUM COMPANY OF AMERICA 
B60E Gulf Building, Pittsburgh 19, Pa 


WF 


SHEET, PLATE 


Alcoa forge shops ore equipped with 
the lotest heat-treatment facilities. 
Here, time, temperature and quenching 
cycles are closely controlled to produce 


the highest quality forging. SA 
‘6 ’ 
SY «ay 


ELecT 


‘7 


NOW 6:30 P. M. EDST every Sunday pipe pitTieas EXTRUSIONS AN WIRE ROD AND BAR 
—"SEE IT NOW” with Edward R. t 

Murrow ... brings the world to your 

armchair . . . CBS Television 


ALCOA (“0 ALUMINUM 


ALUMINUM COMPANY OF AMERICA 
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and the 
SALEABILITY 


Competition is a great American institution to 
the consumer—but at times it plays havoc with 
your sales department. The simple solution, of 
course, is “build a better mousetrap.” And it may 


be just that simple when you use magnesium. 


The many inherent advantages of this ultra-light 
metal become sales advantages for you. In many 
cases great savings in weight through increased 
use of magnesium has made possible numerous 
design improvements and the addition of extra 
sales features. Also, consider the psychological 
effect a lightweight product has over a heavier 


one—even when the weight is of no functional 


importance! With but a few obvious exceptions, 
anything that has to be moved or lifted will gain 
consumer acceptance quicker, if it’s lighter. Many 
of the country’s more progressive manufacturers 
have already found that magnesium permits bet- 
ter design, better performance . hence, a 
more saleable product. 

So if you are making, or contemplate making 
anything in which light weight is important—or if 
you are just bent on beating competition—plan 
with magnesium. It has already made many 
products better, more versatile, easier to handle, 


more profitable to sell . . . it may improve yours. 


THE DOW CHEMICAL COMPANY 
Magnesium Department + Midland, Michigan 


New York « Boston « Philadelphia « Atlanta « Cleveland « Detroit 
Chicago « St. Louis « Houston « San Francisco « Los Angeles « Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 


DOW 


METAL PROGRESS; PAGE 14 





YOU CAN HANDLE JO8S 
LIKE THESE PROFITABLY 


IN THE Ipsen 


Plier Segment— 


4 Important Production Advantages 
with New IPS@M Heat TREATING UNIT) = |g Se 


Designed for carbonitriding, carburizing, hardening, brazing, and mar- 

tempering, new Ipsen Automatic Production-Type Heat Treating Units offer | ee 
outstanding production and metallurgical advantages in processing a wide 

variety of workpieces. The features outlined below are essentially the reasons Velve — C1020 
why more than 75 plants in the past two years have selected, and are today ; pmayt be ar 


. . : . herdened. & 
using, Ipsen Equipment to speed heat-treating operations and cut costs: ping cperetion 





] AUTOMATIC OPERATION — from heat 3 CRACKING AND DISTORTION REDUCED — 
through quench (or cooling), reduces by controlled quenching with two-speed 
work handling, eliminates guess work, oil circulation and automatic temperature 
assures uniform results on a production regulation. Qehenns taser 
basis. M corbenitrided 600 
heet. Biast- 
2 4 ing eliminated. 

BRIGHT, CLEAN, SCALE-FREE WORK — FAST, EFFICIENT PROCESSING — versatile 
with sealed atmosphere control. Eliminates and easy to handle variety of work, no idle ; 
cleaning and processing operations prior time for change-overs, no danger of burr- Geony Gel Geer States 
to and following heat-treatment, effects ing or marring, quick burn-off. Saves time, 
substantial savings in production costs. increases output. 


Walle tOOAY FOR MORE FACTS ... Ask for free bulletins and 
find out how Ipsen Heat-Treating Units and methods can be applied to 
your work. If you wish, samples or production lots of your work will 
be run, proper procedures established, and results predetermined 
without obligation. 


IPSENM INDUSTRIES, INC. 715 South Main Street, Rockford, tilinois 
Production Units for CARBONITRIDING - CARBURIZING - HARDENING - BRAZING - MARTEMPERING 
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Cyt HANDLING and FUEL cosTSs 


With THE PRESSED STEEL CO. 


Light- 


SHORTEN HEATING CYCLE AND 
INCREASE FURNACE CAPACITY 


Handling or heating unnecessarily heavy and 
bulky heat-treating equipment quite obviously rep- 
resents waste. The truth of this statement is 
proved by records of plants the nation over, 
which have installed “Pressed Steel” annealing 
and carburizing units. By cutting 2/3 off the 
weight of this equipment, “Pressed Steel” units have 
effected these four savings: 

1) FUEL SAVING--Made of light gauge welded 
sheet alloy, they require less fuel and time to attain 
pot heat. 

2) LABOR SAVING--Handle easier and faster. 
3) REPLACEMENT SAVING--Some installations 
have been in constant service for 20 years. 

4) SPACE SAVING.--Being less bulky than cast boxes, 
installations have frequently doubled furnace capacity. 


We furnish a complete line of equipment for 


Weignt 


ANNEALING EQUIPMENT 


Above, several of the many types of “Pressed Steel” light- 
weight sheet alloy annealing units. As pictured, they are fur- 
nished in any size, as well as in any design or metal specification 
foundry and steel mill: annealing and carburizing 
boxes, covers, baskets, racks, tubes, retorts, etc. Wel- 
ded alloy tubing to specifications. As the originators 
of light-weight heat treating equipment, we offer a 
wealth of experienced engineering assistance. Send 


us blue prints or write as to your needs. 


THE PRESSED STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
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ALUMINUM VITAL IN “BLUE STAR” RACER 





Tapered Extrusion Develop- 
ments Offer Important Design 
and Production Economies 


Two Huge Extrusion Presses Being Built 
for Reynolds Phoenix Plant 


Tapered extruding provides the answer to 
the designing engineer's demand for a shape 
with a uniformly decreasing area. 

By using a tapered mandrel it is possible to 
extrude a tube with tapered walls. Cutting 
away the unwanted side walls of this tube 
then produces the two tapered members as 
shown in the illustration below. 

Thus by use of a tapered mandrel, moved 
through the die opening wide changes in 
width, thickness and shape can be obtained 
throughout the extrusion’s length. 

Preforming parts by taper extrusion before 
forging will reduce the number of forging 
operations required and may eliminate block- 
ing operations entirely. 


For further information on new production 
techniques in extrusion and forging, write for 
your copy of the Reynolds Technical Advisor, 
No. 16. We will be happy to add your name 
to the mailing list for the Reynolds Technical 
Advisor—a publication devoted to the latest 
methods for fabricating and processing alu- 
minum and its alloys. Write Reynolds Metals 
Company, 2576 So. Third St., Louisville 1, Ky. 


New Reynolds Extrusion Presses 


Two huge extrusion presses of 8,000 and 
12,000 tons capacity are being constructed for 
the Reynolds plant in Phoenix, Arizona. 

The 12,000 ton unit will weigh 2,600,000 
pounds; the hydraulic system weighing an 
additional 500,000 pounds. With its runout 
table it will be more than 250 feet long—almost 
a full city block. Completion of this gigantic 
press will take about 22 months. 

These new presses will open up countless 
new design possibilities because they will per- 
mit the extrusion of much larger and more 


Blue Manufacturing Company Uses Reynolds Aluminum 
Sheet and Extrusions in Speedy New Racing Boat 


Picture yourself behind the wheel of the new “Blue Star” Racer shown 
below. Imagine! Here’s a boat that actually has made speeds upward of 
40 mph with a 10 hp stock motor. 

Here are a few interesting facts told by Max T. Blue, President of the Blue 
Manufacturing Company, Goddard, Kansas, about this new racer and about 
the part played by Reynolds Aluminum in its construction. 


et rs 


Aluminum sheet and extrusions are used throughout. As aluminum is much 
lighter than wood, extra strength without weight is added to the bottom of the 
boat with longitudinal Tee extrusions for stiffness. This adds strength while 
still maintaining the 140 pound weight for Class B Stock Utility Racing. 





Mr. Blue says, “For high speeds it is very 
New Reynolds Plants in Texas | essential to have a smooth and straight bottom 


or planing surface on your boat. With alumi- 

and Arkansas to Produce |num, after you once get the boat built you 
270 Million Pounds of | have no warpage to contend with as you do in 
7 | wood. Also, the smooth finish of aluminum 
Aluminum Annually |can be highly polished for high speeds; in- 
A new Reynolds Metals Company plant is stead of periodical painting you do on wood 
now under construction in San Patricio Coun- | beats. We also use flush-type rivets throughout 
ty, Texas, and will start operation in May of | 0" the bottom. This gives a planing surface 


this year. One section, the alumina plant, will | far superior to any wood boat. Consequently, 
process bauxite (aluminum ore) shipped in with the light weight of aluminum we can 








intricate parts. This in turn will eliminate | 
joining problems now encountered in making | 
up equivalent blies of lier parts. | 





directly from Jamaica. The other section, the 
reduction plant, will turn out metallic alumi- 
num at the rate of 160 million pounds annually. | 





Another new Reynolds plant with an esti- 
mated annual production capacity of 110 mil- 
lion pounds of pig alumi is being planned 
for erection at Gum Springs, Arkansas. 





build a boat that will have many times the 
strength of wood and yet not weigh any more.” 
The performance of aluminum in the “Blue 
Star” Racer has an interesting parallel in like- 
wise superb performance of aluminum as now 
used extensively in U. S. Navy P. T. Boats. 
Marsh Steel Corporation, the Reynolds dis- 
tributor in North Kansas City, Mo., Denver 
and Colorado Springs serves the Blue Manu- 
facturing Company with Reynolds Aluminum. 





For a free copy of the 130 page, 6” x 9” 
Aluminum Structural Design hand- 
book, and a complete index of other 
Reynolds literature, write on business 
letterhead (otherwise price is $1.00) to 
Reynolds Metals Company, 2576 South 
Third Street, Louisville 1, Kentucky. 


| 


Pete | 





(Advertisement) 


Printed in U.S.A. 





the individual customer. It also supports the 
cs conservation program by eliminating 


(Continued From Preceding Page) 





Aluminum Blanks Gain 
New Importance 
Give more pieces per pound of allotment 


The advantages of Reynolds Aluminum 
blanks are increasingly important today due 
to the Controlled Materials Planning program. 
As allotments are made in numbers of pounds, 
more finished pieces of the final product can 
be produced when blanks are received in the 
exact number of pounds rather than sheet 
with its resultant scrap loss. 

In conjunction with this important point 
regarding scrap loss, figures have been com- 
piled which point out that plants fabricating 
parts from sheet and bar stock may have scrap 
losses of from 20 to 40 per cent. In extreme 
cases, losses may reach 60 per cent. As govern- 
ment demands for aluminum curtail the 
amount of metal available for civilian use, 
Reynolds Aluminum blanking service helps 


usable metal from inventories and as scrap 
transit back to the mill. 
/) Generally speaking, Reynolds can use the 
“@ustomer’s blanking tools. In such cases in- 
7 rmation should be supplied regarding press 
rete such as shut height, size of tools 
ind all detailed information available regard- 
ie the condition and operational sequence 
the tools. Circle dies are available for 
rtually all diameters from 2” to 26” in 
és” increments, 





For further information on aluminum 
anks write Reynolds Metals Company, 2076 
uth 9th Street, Louisville 1, Kentucky. 


luminum Offers Important 
dvantages in Fire Escape 
onstruction 


Aluminum fire escapes on commercial, in- 
strial and institutional buildings can save 


portant dollars in both original cost and | 


aintenance. Aluminum offers the advan- 





tages in 
load and 
rustproof 
pense—an 
corrosive 


construction of lighter structural | 
easier erection. In maintenance, 
aluminum eliminates painting ex- 
especially important factor where | 
industrial fumes are encountered. | 
A Reynolds Aluminum specialist is avail- | 


able to help with structural design jobs of all | one-coat finish over metal surfaces especially | 


types. Just write Reynolds Metals Company, | 
2576 South Third Street, Louisville 1, Ky. | 


Printed in U.S.A. 


Polychromatic Finishes Add Sales Appeal, Offer 
Protection to Many Products 
Kanartex GAY-LUX Hammer Finish Used on Home-O-Nize Office Equipment 


Added beauty, protection and durability at a cost of no more than ordinary 
finishes are major reasons for the increasing use of polychromatic finishes 
made with Reynolds Non-Leafing Aluminum Pigment. 

One polychromatic finish, the popular “hammer” type, is illustrated below 
as used on a combination office file and storage cabinet manufactured by the 
Home-O-Nize Company of Muscatine, lowa. This finish is made and sold by 
Kanartex Coatings, Incorporated, Galesburg, Illinois, under their trade name 
of GAY-LUX Gray Baking One-Coat Hammer Finish. 


According to Robert J. Hartman, Vice Presi-| spend time and effort to obtain a smooth 
dent and Secretary of Kanartex Coatings, Inc., | 
the use of Reynolds Aluminum Paste makes it 
possible to formulate “self-hammering” fin- 
ishes that will cover most metal surfaces in 
one coat. 


Mr. Hartman says, “Such finishes are attrac- 


tive, adhere well, are durable and can be made | 


marproof if desired. With the use of Reynolds 
Aluminum Pigment, we are able to obtain the 
same consistent results with either Air-Dry 


| or Baking formulas. Our GAY-LUX Baking 


Hammer Finishes are used on metal office 
furniture and many other objects where maxi- 
mum marproofness and durability are requi- 
sites and where it is desirable to have a 
smooth, one coat finish that effectively con- 
ceals metal defects, rivets, seams, etc. 
“Hammer finishes may be obtained in vari- 
ous tints of blue, green, brown, gray and some 
shades of red. It is advisable to use as trans- 
parent a pigment as possible when introduc- 


| ing colors into the formula so that the colored 


pigment does not conceal the attractive pat- 
tern which is formed by Reynolds Aluminum 
Pigment. 

“Hammer finishes are finding wide use as a 


in those applications where it is not feasible 
to prime and sand or where it is not feasible to 


metal surface. For many applications, hammer 
finishes have other advantages over conven- 
tional finishes. In addition to giving a beau- 
tiful eye-catching finish, hammer finishes are 
very economical to use. Furthermore, a ham- 
mer finish is a smooth easy-to-clean finish that 
retains its initial attractiveness. Air-dry ham- 
mer finishes are often used over pressed wood 
and even porous or coarse grained wood that 
has been properly primed and sanded. Such 
objects when coated with One-Coat Hammer 
have the effect of painted metal.” 

Reynolds does not make polychromatic 
finishes but it is the largest supplier of alu- 
minum powders and pastes to the paint indus- 
try. Polychromatic finishes—regular, hammer 
and wrinkle types—are available from sup- 
pliers of commercial finishes. Reynolds will 
work with you and your supplier in determin- 
ing the best formulation for your product. 
For further information contact the Reynolds 
office listed under “Aluminum” in your classi- 
fied telephone directory. Or, write the Reynolds 
Metals Company, 2576 South Third Street, 
Louisville 1, Kentucky. 





REMEMBER . aluminum is the only 


mass-produced material that costs less now 


| than before World War II! 


(Advertisement) 





in the HAND... 


@ @ @ A TUBE OF KNOWN QUALITY is the 
all-important factor in reaching top production peaks. 
Penn tubing has held the title of ‘constant quality’ 
for over a quarter of a century. Carefully inspected 
to detect any flaws or impurities which might 
hinder production or cause rejections, Penn tubing 
nets greater output and gains a point for your side. 
You can depend on Penn for first quality— 
for installations that are right the first time. Take advantage 
of Penn’s knowledge and experience in helping you 
choose the right type of tubing for your needs. 
Write for new specification literature 
and send along your tubing problems—Penn is always 
ready to serve. You need first quality tubing to 
make production soar—you need PENN. 


ADDRESS CORRESPONDENCE 
TO “DEPT. MP-5.” 


QUALITY TUBING HAS A “PENN NAME” 


PENN BRASS & COPPER COMPANY 


ERIE - PENNSYLVANIA + TELEPHONE 3-1164 
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Lf youre using high-priced 
quenching oils 


YOU'RE PROBABLY 
WASTING MONEY! 


Verified reports from a great many heat- 
treating plants prove conclusively that 
they have saved money by switching 
from an expensive quenching oil to a 
Sun Quenching Oil. In every instance 
these plants have maintained—or sur- 
passed—their standards of quality 


through the use of Sun’s specially 
refined naphthenic quenching oils. 
These are facts—not idle boasts. If 
you would like to see field reports giv- 
ing the details of these plants’ quench- 
ing operations, and the benefits they 
obtain, fill in the coupon below. 


Sun Quenching Oils can handle 
95 percent of all quenching jobs 


] They cost less. You save on the purchase price. 


Dept. MP-5 

SUN OIL COMPANY, Phila. 3, Pa. 
Perhaps I am paying too much for quenching 
oil. () I'd like a Sun Representative to show me 
field reports of other companies’ experience with 
Sun Quenching Oils. [] Please send me the 
informative booklet “Sun Quenching Oils.” 


Name—— — SS 


_, — 


‘ . 
Company- 





Address. 





Ee 


2 They have low drag-out. When heated they 
thin out more than paraffinic oils, draining off parts 
more rapidly. You reduce your operating costs. 


3 They keep systems clean. Because of their nat- 
ural detergency, the tank and system stay clean. 
Coolers keep operating at peak efficiency. 


4 They have long life. Sun Quenching Oils do not 


thicken up in service, and under normal operating 
conditions, they need never be replaced. 


5 They assure a uniform rate of cooling. These 
oils have excellent metal-wetting characteristics. They 
do not lose quenching speed after extended use. 


SUN INDUSTRIAL PRODUCTS 


SUN OIL COMPANY, PHILADELPHIA 3, PA. © SUN OlL COMPANY, LTD., TORONTO AND MONTREAL 
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TUBE STRAIGHTENER: Mettler 
Machine Tool, Inc., announces the 
new Shuster tube straightener. Thin- 
walled tubing to 1 in. o.d. and solid 
bar stock to % in. diameter are accu- 
rately straightened on the new two- 
way geared-roll machine. Power- 
driven feed rolls advance the tube 
through two sets of rolls, eight rolls 
to a plane. The tube does not rotate 
during passage, thus eliminating stock 


damage such as spiralled burrs, or 
operator injuries due to rotating 
tubes. The rolls can be supplied for 
square and hexagonal, as well as for 
round, bars and tubing. Speed of 
straightening runs up to 250 ft. per 
min. 

For further information circle No. 908 
on literature request card on p, 32B 


PYROMETER CONVERSION: A kit 
containing all the parts necessary to 
convert a pyrometer from mechanical 
to full electronic operation has been 
announced by Pyrometer Service Co. 
A few conversion units have been in 
use for more than three years. The 
installation can be done by an in- 
experienced operator in four hours. 
The converter will fit most popular 
makes and is said to give the same 
stable, dependable performance as a 
factory-built recorder. 

For further information circle No. 909 
on literature request card on p. 32B 


CLEANERS: The Diversey Corp. has 
announced addition of two new prod- 
ucts to its line of metal cleaners— 
Divobond for phosphatizing iron and 
steel prior to painting, and No. 101 
for electrocleaning prior to 
plating. Divobond forms a thin but 
tough skin on iron and steel which 


brass 


retards rusting of the clean metal 
prior to painting, promotes better 
paint adhesion and prevents flaking 
and peeling. No. 101, a new alkaline 
material with detergent and emulsify- 
ing properties, will not stain or darken 
brass. 

For further information circle No. 910 
on literature request card on p. 32B 


ABRASIVE BELT: A major inno- 
vation in abrasive belt design —a 
serrated-edge grinding belt — has 
been announced by Minnesota Mining 
and Manufacturing Co. Designed for 
precision grinding and finishing of 
jet turbine blades in a single opera- 
tion, it is expected to find wide appli- 
cation in other operations involving 
small-radius grinding and filleting 
that was previously done by hand. 


In use, the scallops of the belt curve 
around the edges of the contact wheel, 
allowing fillet areas to be polished on 
the edge-contour of the wheel. 

For further information circle No. 911 
on literature request card on p. 32B 


CHAMFERING ELECTRODE: A 
new electrode designed for gouging, 
chamfering, cleaning, and partial mill- 
ing operations on any metal or alloy 
has been announced by Eutectic Weld- 
ing Alloys Corp. The new product, 
ChamferTrode, it is claimed, speeds 
up fabricating of armor plate and 
similar difficult-to-cut alloys. The 
newly developed electrode features a 


heavy coating which forms a cone at 
the striking end of the electrode, pro- 
viding a natural jet-effect arc. Thus 
an intense, concentrated source of 
heat is created which readily removes 
unwanted metal of all types so swift- 
ly that the metal itself remains rela- 
tively cool. Regular d-c. welding 
machines are used as the power 
No auxiliary oxygen, special 
gases, air or other special equipment 
is required. 

For further information circle No. 912 
on literature request card on p. 32B 


source. 


NICKEL COATING OF ALUMI- 
NUM: Development of a process for 
nickel coating aluminum which may 
find many applications in industrial 
manufacturing was announced jointly 
recently by Hamilton Standard Div. 
of United Aircraft Corp. and the Bart 
Laboratories Co., Inc. A _ synthetic 
rubber compound developed by Ham- 
ilton Standard is used to establish a 
bond, hitherto considered impossible, 
between the aluminum and the nickel 
plate. Solid duralumin 
blades equipped with the coating 
emerge from Navy tests unscathed, 
while unplated blades are 
eroded (see cut). 


propeller 


severely 
The bond material 


is sprayed onto aluminum to the re- 
quired thickness. After drying, the 
piece is then plated with nickel by 
conventional means, the plate thick- 
ness depending on requirements. With 
present operational facilities, a com- 
ponent can be “Alni-Clad” in approxi- 
mately 24 hr. Finished pieces have a 
hardness of 400 to 450 Vickers and 
are stress-free. Intricate designs can 
be given uniform and accurate pro- 
tection of interior and exterior sur- 
faces with the process. 

For further information circle No. 913 
on literature request card on p. 32B 


ALLOY STEEL: A new triple-alloy 
steel, with boron added, has been an- 
nounced by The Carpenter Steel Co, 
Called No. 5-876, the new steel was 
designed particularly for machinery 
maintenance parts and, with different 
heat treatments, meets three different 
service requirements: (1) High sur- 
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TWO TUBES . . . TWO CIRCUITS 
COMBUSTRON MODEL 120 


by CD 


COMBUSTRON MODEL 120 


Two Tubes—Two Circuits 
115 Volt—60 Cycle 
$1100.00 


COMBUSTRON MODEL 110 


One Tube—One Circuit 
115 Volt—60 Cycle 


BURRELL 
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COMBUSTRON 


ELECTRONIC INDUCTION HEATER 


TWO SEPARATE CIRCUITS PROVIDE TWO UNITS IN ONE 


Once again—Burrell has blazed a trail to greater value and 
service. With a Combustron, Model 120, users get two separate 
high frequency induction heaters built into one compact lab- 
oratory instrument. Operation of one circuit does not affect 
operation of the other in any way. Thus users get dual value 


for heavy production or standby convenience. 


Loading is horizontal for greatest flexibility. Combustion boats 
may be used for a great variety of samples ranging from coarse to 
fine meshes and low to high carbon content including alloy steel, 
cast iron and stainless steel. And—for analysis of low carbon 
steels, each Burrell combustion boat will take up to a full factor 
weight of coarse drillings. 


Either Combustron model—two tube or one tube—provides rapid 


and accurate analysis of carbons-by-combustion. 
Order direct from Burrell or Write for Bulletin No. 319. 


BURRELL CORPORATION © 2223 FIFTH AVE., PITTSBURGH 19, PA. 
LABORATORY APPARATUS FOR SCIENTISTS EVERYWHERE 





face hardness (Re 50 to 56) and wear 
resistance with good strength and 
toughness. (2) Lower surface hard- 
ness with nearly maximum strength 
and toughness (Re 31 to 49). (3) 
Good machinability in the treated 
condition as received (275 Brinell). 
Type composition is as follows: 0.50% 
C, 0.85 Mn, 0.25 Si, 0.70 Cr, 0.55 Ni, 
0.10 Mo, 0.10 V, with boron added. 

For further information circle No. 914 
on literature request card on p. 32B 


TANK HEATER: Desired heat trans- 
fer can now be achieved with a unit 
considerably smaller than is needed 
when conventional methods of tank 
heating are used. This unit, known 
as a Platecoil, has more than double 
the Btu. capacity per square foot 
area of pipe coil. The heating solu- 
tion flows in channels formed by 
joining two embossed metal surface 
plates. Because of this construction, 
a plate-type unit has more prime 
heating surface in a given area than 
can be obtained with pipe coil. Be- 
cause less material is needed in their 


construction, the initial cost of Plate 
coils ranges well below the cost of 
equivalent pipe Installation 
costs are less, too, as no welding or 
pipe fitting is required. According 
to the manufacturer, the Kold-Hold 
Manufacturing Co., Platecoils can be 
used wherever pipe coils are used. 
Typical applications include the uni- 
form heating of bonderizing tanks, 
parkerizing tanks, metal parts wash- 
ers, industrial degreasers, acid pick- 
ling tanks, plating tanks, degreasers, 
and quench oil tanks. 

For further information circle No. 915 
on literature request card on p. 32B 


coils. 


INSTRUMENT DESK: A newly de- 
signed console desk now makes it 
possible for a single operator to ob- 
tain plant temperature readings at 
up to 96 processing points. The 96 
readings can be indicated in about as 
many seconds. The new design has 
been developed by Minneapolis- 
Honeywell Regulator Co. It elimi- 
nates constant walking and logging 
from one end to the other of a long 
or divided panel board. The console 
is a 60-in.-wide steel office desk ar- 
ranged with cutouts to accommodate 


an ElectroniK precision indicator 


and key switch banks or push-button 
assemblies. 

For further information circle No. 916 
on literature request card on p. 32B 


CRUCIBLE FURNACES: Morrison 
Industries announce that they are 
now manufacturing the complete line 
of Markley top-fired standard-size 
crucible furnaces. These oil or gas- 
fired furnaces are available in single 
or twin furnace units. (The twin 
unit is illustrated.) Combined ra- 
diant and convection heating is fast; 


the furnaces are easy to charge since 
there is less flame through covers; 
no slag build-up is possible; because 
there are no burner ports, the lining 
is easy to replace; burners are easy 
to inspect; burners are above the 
cover where slag or metal cannot 
reach them. 

For further information circle No. 917 
on literature request card on p. 32B 


SHELL MOLD PERMEABILITY: 
One of the favorable features of shell 
molding is the high venting capacity 
of the shell compared to the usual 


mold. Nevertheless, permeability of 
the shell can vary over a wide range 
with different sands, resin contents 
and flow characteristics. Therefore, 
it seems certain that permeability is 
a property of the shell that should be 


known and controlled. The No. 360 
shell mold permeability accessory is 
offered by the Harry W. Dietert Co. 
for this purpose. Used in conjunction 
with a permeability meter, it is de- 
signed to read A.F.S. permeability of 
a % in. thick disk. Comparative 
permeability measurements may also 
be made on the mold itself. 

For further information circle No. 918 
on literature request card on p. 32B 


BELT GRINDER: A new all-purpose 
belt grinder which is adaptable to a 
wide range of grinding operations 
has just been placed on the market by 
the Porter-Cable Machine Co. 
Equipped with a standard 6-in. belt 
which runs over a 12%-in. platen, it 
handles jobs which previously had 
been run on wider and more expensive 
belts in production lines, job shops, 


tool rooms and maintenance and re- 
pair departments. The grinder, des- 
ignated Model 506, is used primarily 
for free-hand applications on work 
which requires flat surfaces, debur- 
ring; squaring, chamfering, rounding, 
and polishing. This new machine can 
be changed over from vertical to 
horizontal operation in 1 min. simply 
by loosening two hex units. 

For further information circle No. 919 
on literature request card on p. 32B 


WELD-THROUGH 


aluminum-colored 


SEALER: An 
“weld-through” 
sealer originally used in auto manu- 
facturing has now been made available 
to industry generally by Minnesota 
Mining and Manufacturing Co. The 
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Part for smokeless 


draw co that sides come to .051 gage. Impossible to make before 
use of Johnson's No. 150 Wax Lubricant. Now draw and iron 
in one operation. 


Aluminum alloy shell nose. Ordinary lubricant required 4 draws 
to form the shape—8 to complete. Die altered 3 times to produce 
2,000. Johnson's No. 150 Wax Lubricant cut operation to 5 steps 
—no die alteration. Produced 15,000. 


MORE “IMPOSSIBLE” DRAWS 
WITH NEW JOHNSONS WAX LUBRICANTS 


Johnson's Wax Lubricants for drawing and stamping 
metal are giving results i with conventional 
lubricants. 

Every day, more proof of this becomes available. It 
comes from manufacturers who have successfully used 
these revolutionary new wax lubricants to perform pre- 
viously “impossible” draws. 

Johnson's Wax Lubricants permit unhampered flow of 
the metal during the draw to produce smooth, gall-free 


surfaces and perfect angles, corners and curves. They are 


unmatched for drawing, stretch forming, bending, reduc- 
ing, swaging, coining and lamination stamping. 

‘Test these new wax lubricants in your own shop—at our 
expense. Write for free sample and complete information 
concerning the use of Johnson’s Wax Lubricants for your 
specific jobs. S. C. Johnson & Son, Inc., Industrial Products 
Department, Racine, Wisconsin. 





xX Cy a product ot SOHNSON’S WAX research 
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sealer is applied to faying surfaces 
before spotwelding, thus eliminating 
the need for a sealing operation 
after welding. It does not interfere 
with the welding operation. The 
sealer is a heavy paste-like material 
that resists the heat and pressure of 
welding without splattering or burn- 
ing. It is soft enough to squeeze 
away from the bottom weld when 
electrode pressure is applied, without 
flowing away excessively. 

For further information circle No. 920 
on literature request card on p. 32B 


HAND PYROMETER: A new hand 
pyrometer with two scale ranges for 
the rapid and convenient measure- 
ment of surface, liquid, gas and 
molten-metal temperatures has been 
announced by the General Electric 
Co. Designated as the Type FH-1, 
the new pyrometer is especially use- 
ful where a temperature detector 


does not need to be installed perma- 
nently. Its two scale ranges are 0 to 
500 and 0 to 1500° F., and the change 
from one scale to the other is accom- 
plished by the flick of a switch. Three 
interchangeable tips available for the 
new pyrometer include a surface tip, 
an immersion tip for liquids and 
molten metals, and a two-prong con- 
tact tip. Provided with automatic 
cold-junction compensation, readings 
made directly from either 
scale of the instrument, since no caleu- 


can be 


lations or corrections are needed. 
Typical applications include tempera- 
ture checks of plastic molds, ovens, 
alloys with low melting points, die 
casting, and preheated metals. 

For further information circle No. 921 


on literature request card on p. 32B 


WELDING POSITIONER: In weld- 
ing the bucket wheel to the shaft of 
a turbo-jet engine, an extremely high 
quality of weld is required, and the 
welding process must follow strict 
specifications. This may be accom- 
plished with the aid of the new J-47 
welding positioner manufactured by 


the Syracuse Special Machine Co. 
The positioner consists of a cradle 
which is power-rotated through 180 
so that welding can be performed on 
both sides of the assembly. Operators 
have clear access to the work and yet 
are protected from heat and spatter. 


The assembly is maintained at 600° F. 
by means of gas burners controlled 
by motor-operated gas valves. An 
interlocking system of electric con- 
trols maintains ignition, firing and 
gas pressure. 

For further information circle No. 922 
on literature request card on p. 32B 


METALLOGRAPH: A new desk-type 
metallograph permitting microscopic 
study of metals under polarized light 


as well as phase and bright-field 
illumination is announced by Ameri- 
can Optical Co. Every operation may 
be performed while sitting comfort- 
ably at the desk. Final focusing for 
photography is accomplished quickly, 
automatically and accurately while 
the specimen is being examined 
through the visual system. A quad- 
ruple revolving nosepiece permits 
rapid change of objectives. Four spe- 


cial built-in photographic eyepieces 
operate in a quick-change slide. No 
charts or tables are necessary in de- 
termining optical settings. 

For further information circle No. 923 
on literature request card on p. 32B 
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GET RID OF 
METAL-PARTS HEADAGHES! 


Sylvania 
now brings you 
custom-made 
precision parts 

in any volume 


Put your parts problems u » to Sylvania! You'll get close 
cooperation of experience design engineers and the as- 
surance of highest possible precision and uniform quality. 


Reasons for Sylvania Superiority 


All Sylvania tools and dies are especially made for accu- 
racy and high speed. Moreover, a program of replacement 
and improvement, using such materials as tungsten and 
carbide, tend to increase production runs between shar- 
pening. As a result, Sylvania offers i uniform pre- 
cision, plus a big saving in man-hours . . . lower produc- 
tion costs. 

Today Sylvania metal parts are being used in such widely 
diversified items as radio tubes and assemblies, jewelry, 
electrical devices, timers and time fuses. 

If you have a parts pe put it up to Sylvania. A brief 
note on your letter head will bring you a prompt and de- 
tailed reply. Write to: Sylvania Electric Products Inc., 

Parts Division Dept. A-i 705. Warren, Pa. 
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Typical group of metal precision parts 


made by Sylvania’s Parts Division 


SYLVANIA 


RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELEC- 
Da TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, 
WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS: TELEVISION SETS 





LE | 


IN MANUFACTURERS’ LITERATURE 


926. Abrasive Wheels 

Data folders give operating suggestions and 
recommended grades of abrasive wheels for stain 
less alloys, for finishing and semi-polishing and 
ther applications Manhatian Rubber Mfg 
Raybestos-Manhatian, Inc 


97 . . ® 
927. Air-Gas Mixer 

Engineering and application data on series “LP 
air-gas proportional mixer is available in Bulletin 
L-300. Eclipse Fuel Engineering Co 


928. Alloy Steel 
Data book on the selection of the proper alloy 
4 


steel grades for each manufacturer's needs heel 
lock, Lovejoy & Co 
929. Alloy Steel 

Booklet on Carilloy steel tells how 4150 and 
ther alloy steels provide toughness, strength 
and durability under severe conditions of service 
U.S. Steel 


930. Alloy Steel 

8-page booklet on new triple-alloy steel. Hard 
enability, temperability, properties of treated bars, 
18€3 The Carpenter Steel ( 


931. Alloy Steel 


New 16-page, pocket-s booklet entitled “Re 
public Alloy Steels anc o » Get the Most Out 
# Them" contz 1 case histories selected 
from widely vz e 

tility of alloy steels 


932. Alloys 
28-page bulletin describes alloys available includ 
ng terro-alloys containing titanium and boron 
metallic titanium and zirconium, and zir 
Titantum Allo 


Aluminum Alloy 
10-page booklet gives detailed data on prog 
tie characteristics and applications of aluminun 
asting alloy 7% magnesium Charts show 
effect of time and temperature on 
ency distribution curves 
Jobbins, Inc 


934. Aluminum Alloys 
Selector slide-chart Upper scale setting at one 
2 alloy compositions gives, on lower scale, the 
perties and uses of the alloy as sand cast, dic 
permold cast mnditions of heat 
treatment 


Qn . 
935. Aluminum Alloys 

36-page book on analysis of asuminum, br 
bronze alloy specifications. Sonken-Galamba C« 


936. Aluminum Castings 
135-page spiral-bound book describes the alu 
um casting alloy foundry principles and 
tice, design considerations and heat treatment 
r castings, and 32 pages of tabular data ilu 
minum Co. of America 


937. Aluminum Conservation 

8-page booklet on efficient use of available 
supplies of aluminum and the proper handling of 
scrap The Aluminum Asso 


938. Aluminum Fasteners 
8-page booklet on all types of aluminum fast 

eners Also accessories and screw machine prod 

ucts. Allare illustrated. Aluminum Co. of America, 


939. Aluminum Forgings 

Book covering relation forging design 
to die sinking and relation of forging design to the 
manufacturing process Section on metallurgy 
gives commercial alloy compositions, physical prop 
erties and tolerances Aluminum Co. of America 
940. Ammonia for Heat 

Treating 

20-page booklet Ammonia Installations for 

Metal Treating’, gives properties of ammonia used 


in heat treating and describes equipment in gen 
eral use 4rmour & C« 


941. Analytical Balances 

Pamphlet on analytical baiance having aut 
matic indication of end result by projection of 
enlarged image of true micrometer scale Sar 
torius Div 


942. Annealing 

Booklet on burner especially designed for anneal 
ing furnaces and other us*s where flame impinge 
ment is not permissible. Bloom Engineering Co., Inc. 


943. Are Welders 

INlustrated booklets available on both A-C ard 
D-C arc welders. Contain data and diagrams on 
construction and uses. Westinghouse Electric Corp 


» demonstrate the versa 
Republic Steel Corp 


properties and 
#f properties. William 


944. Automatic Polishing 

14-page, illustrated brochure describes automatic 
equipment for polishing, buffing and grinding. 
Murray-Way Cort 


» se 

945. Barrel Fi 
55-page book on 

tumbling abrasive 

ing suggestions 

Norton Co 

916. Belts 


Illustrated catalog 47P describes 
handling belts Ashworth Bre 


952. Brazing Washers 

Free sample of silver brazing alloy preformed 
washer coined from wire. Lucas-Milhaupt Engt- 
neering ( 
953. 


28-page brochure 


Bronze Castings 
Bronze and Copper Bearings 
Analysis, properties and SAE 
and Federal specification designa 
alloy Cast bars. Properties of 
7% Babbitt. Illustrated description of 
facilities for research, engineering, in 
», casting and finishing Product applica 
National Bearing Dit 


954. Bronzes 

Folder gives tables of pr 
tensile, fabrication, physical 
forms and other data on Chase phosphor bronzes 
Chase Bra & Copper Cé 


955. Burners 
Full details of high thermal release burner, unit 
intended for use where quick heating and intense 
desired sloom Engi 


as uses 


neentration of heat are 


neering ( In 








1074. Instrumentation 





To compile an understandable and 
reasonably complete summary of 
modern instrumentation in 128 pages 
borders on the monumental effort. Yet 
this has been done in “Fundamentals 
of Instrumentation for the Indus- 
tries”.* The result is an expertly writ- 
ten textbook, presenting the knowledge 
of instrument specialists in terms that 
any engineer can quickly assimilate 

The volume first examines the 
fundamentals of measurement and 
control. Next comes a consideration of 
process variable measurement —a re- 
view of indicating and recording in- 
struments for temperature, pressure 
humidity, dew point, flow, liquid level, 
electrochemical, chemical composition 
moisture, speed and motion. Section 
Four is devoted to the remote trans- 
mission of measurements and is fol- 
lowed by a discussion of pneumatic 
and electric automatic controllers. Sec- 
tion Six covers power units and final 
control elements. Section Seven out- 
lines systems for program control, 
cascade control, ratio flow control and 
combustion safeguards. The final two 
sections review, respectively, panel- 
boards for centralized controls, and 


*Published by the industrial division 
Minneapolis-Honeywell Regulator Co Copies 
are available at no charge to readers 
Metal Progress who circle No. 1074 on liter- 
ature request card, page 32B 


typical installations in industry 

In the field of temperature meas- 
urement, a detailed presentation is 
made of various types of pressure-type 
thermometers, thermocouple pyrome- 
ters, millivoltmeter pyrometers, po- 
tentiometer pyrometers, resistance 
thermometers, radiation and optical 
pyrometers. They cover the spectrum 


of temperature 
150 to 3000° F 
The text is effectively supported by 
123 schematic diagrams and 117 other 
illustrations, giving a clear concept of 
the full range of instrumentation de- 
vices and control systems. It would be 
difficult to imagine a more complete or 
more handsomely arranged com- 
pendium of instruments in action in 
present-day industrial plants 


measurement from 





- : . 
947. Beryllium Copper 
Helpful engineering informatior 
new monthly series of beryllium 

bulletins. Beryllium Corp 


948. Bimetal Elements 

64-page catalog written especially to help the 
design and product engineer select the type and 
size of thermostatic bimetal element best ed 
to his temperature-responsive device iN ul 
Chace Co 


949. Blowers 
Bulletin No. 300-S 
informs concerning a t 
blower and proper! 
American Manufacturing 


950. Brazing 

16-page manual gives dat: r brazing shape 
sheet, castings. tubing and assemblies of copper 
brass, steel, aluminum and cast iror All-State 
Welding Alloys Co 


.- 
951. Brazing 

Ajax salt bath brazing proces lly described 
in bulletin 124. Shows how it is possible to sub 
stitute brass for copper anc lop joints of 
adequate strength for most assemblies by 
this brazing method Sjiax Flectric Co 


956. Carbon Analysis 
Sulletin 319 describes the Combustron. elec 
tronic induction heater in two or one-tube model 
for flexibility in analysis of low to high ¢ 
ntent in all teel iron and stainless » 
Burrell Corp 


957. Carbon Brick 


Revised ta S.6210 covers arbon 


at in the chemical 


958. Carbon Control 

Catalog T-623 describes the Microcart 

ystem that continuously measure the active 
carbon in 1 furnace atmosphere during heat 
treatment Leeds & Northrup ¢ 


959. Carbon Determination 

Data on induction carbon apparatus for quick 
accurate arbon determinations Fisher Scien 
inte Ce 


960. Carbon Test 


Illustrated data discusses the 
test for estimating the carbor 


teel in 40 sex Harry W. Dietert 
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No. 471 is a new and important weet y A 
link in zinc-die-cast metal cleaning er 4 
sequences. 


No. 471 is a cleaner in the »iddle- 
—_—— range of alkalinity which has found 
ee ot wide acceptance as a secondary 


en soak cleaner for zinc-base die cast- enn 


ings. Its outstanding features are: 

1. Clear solution—no precipita- 
—— tion in hard water. 

— Oe eal 2. No drying stains, easy rinsing, 
as high as 190° operating 
temperature. 

3. Will not dull or darken the 
lustrous finish. 

4. Provides excellent wetting of 
both buffed and as-cast 
surfaces. 


These features account for the rapid 
rise in sales of cleaner No. 471. 


MB eg 


























pe | 


Send for complete information and 24-page bro- 
‘ chure thot describes all of Northwest products. 


" : 
9951-1952 

‘ srowth of NORTHWEST CLEANER 
Number 471...in Sales Volume 
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Case Hardening Furnace 981. Copper and Copper Alloys 990. Die Designs 
ch-type furnace for carburizing, dry 24-page booklet B-36 discusses corrosive attack Attractive 32-page booklet de 
clean hardening. homegeneous car on copper and copper alloys. Includes tabulation dies tor upsetting forging machine 

burizing carbon restoration described in re tor relative corrosion resistance of principal types . . 
print 50-E Surface Combustion Corp of copper-base alloys American Brass Co 991. Die Steel 

9 > H . 5 . T Literature on Bethlehem cold-headed die steel 
962. Castings, Heat Resistant 982. Copper Alloy Tubes for high production in forging bolts, rivets, screws 

4-page bulletin describes heat resistant castings An extensively illustrated 32 page brochure deals and other products at high speed Bethlehem 
woduced in designs for a wide variety of applica with causes of corrosion and means of combating Steel Co 

ions, including conveyors, roller hearths, trays, and them as well as choice of materials for condenser 9 o . 

diation tube assemblies. Standard Alloy Cé tubes. Revere Copper & Brass, Im 992. Drawing Compounds 

« . . « . on Folder describes new type of lubricant for cold 

963. Castings, Nonferrous 983. Copper Tubing ferening end Graminn of ctalahens ced, beth ous 

Booklet available on sand and centrifugal bronz 6-page illustrated folder gives ‘ful data or tenitic and ferritic. Hangsterfer's Laboratories, Inc. 
astings American Non-Gran Bronse Co seamless copper tubing Chart featuring safe P . . " 

Sta . working internal pressures for both annealed 993. Electric Furnaces 

964. Castings, Steel copper and hard copper seamless tubing Penn Bulletin No. 473 describes rocking, automat 

Pyrasteel bulletin describes chromium-nickel Brass & Copper Co melting machine for various ferrous and nonferrous 
silicon alloy for service economy in resisting oxida . . alloys. Detroit Electric Furnace Dit 
tion and corrosion at temperatures to 2000° I $84. Corrosion Data 994. Electrode 
Also resists gases and most concentrated or dilute &-page revic i data and literature on effect . lectrodes 
commercial acids. Chicago Steel Foundry Co of nickel on 3 , 2 ri of low-alloy Chart of typical weld metal analyses and con 

high-strength “ yr specimens exposed parison with Arcos electrodes ircos Corp 


- . 
965. Cleaner 22 years. International Nickel Co., Im - . : 
Product information folder gives data on indus 983. C boas Whaadicnll 995. Electron Microscope 
trial metal cleaners for use with water in either 85. rrosion oteboo The new table model RCA electron microscope 
still tank or spray washing equipment. Solventol 16-page “Corr Notebook" contains data on is described and illustrated in a 12-page booklet 
Chemical Products, Im corrosion resistance of various types of stainless Radio Corp. of America 
. tubing and pipe so provides data by type of . = . . . 
966. Cleaner corrodent at various concentrations and general 996. Fabricating Stainless 
n Virgo descaling salt and Virg types of corrosion. Carpenter Steel Ci 48-page illustrated booklet furnishes data on 
What they ; how they work ny . . . . many types of fabrication Includes machining 
ad hows the “fit int 7 a 986. Cutting Fluids pickling and welding. Kepublic Steel Corp 
i temaiiened Co. — More Than a Coolant Is Needed” is new - “ss 
ook cat . 
Hooker Electrochemical ( booklet describing cutting fluids and lubricants 997. Finishes 
I 


Cleani 1g Aluminum ». A. Stuart Ou Co Four-page folder about Iridite gives the chara 
7 - . . ° : teristics and uses of chromate conversion coating 

: 987. Cutting Oil System on nonferrous metals. Allied Research Pr 

Illustrated booklet gives data and charts on new ucts, Ime 
cutting oil, dispensing jet and r or driven pump “ss . 
Conmalie biek taadies af ouethend Gead Gk cas 998. Finishes for Aluminum 
ventional coolants vs. new twin devek nt 8-page reprint on surtac preparation, applica 
Gulf Ou Corp ion and use of t ca rganic, cerami 
9 Cc ‘ Oil chanical ane ’ i nish r aluminum and 

vs ae . 88 2 Z s lumin y ‘ nerica 
ig and Finishing oy matting : pea a 
. = “viens ; . pages of factual data or vat f 

_ ve —~ oo rgptocrggu es neers beat typical metalworking jobs are presented in nev 999, Finishing 
finishing systems and sh 
cleaning and pickling nm 
metalworking plants 


Laboratorie 


chine i tibed a 
7O3Al sgnus Chemi 


b 
edition of “Cutting and Grinding ‘ Iso Che vailable or roducts and 
ee ncludes descriptions of straight anc mulsifiab fo tal finishing, in ng a new acid 
kK Va ' cutting oils with convenient chart for rrect us ditior nt cles n ckling agent 
Sun Ou Co ) ‘ nev mp inhibitor and a new 
- . . ‘ 
> rid mpound, Enthone, In 

970. Cleaning and 989. 


Descaling Process 
£ 


Phosphatizing | S-page bulletin on sodium hydride descaling Finishing Aluminum 
Literature on Divobor mildly ac 1 1 process tor ferrous and nontesrous metal t ag rochure describes three t ot “Poly 
1ich cleans and ph hatizes irot teel in ing cycle, « y of bath, raw materials at nat ic finishes r al ! nold 


I 
ingle spray operation : equipment desig iu Pont de Nemour 


971. Coatings 

Information on Bonderite, nont a 
which is resistant to corrosion and a good paint 
base Parker Rust Proof C« 


Coatings, Metal... || Planeher 








y 4 : b 1 >t a ni ec Met . — n whe 
12-page booklet. "Vaporised Metal Tool Steel 


, Cold Extrusion : y 
ie acts pe wen sin a aoa || pUnChed it. . NUT DIMENSIONS: 


all thickness in three strikes. Detrex Corp ms 


a 74 note d Steel Bars This blank was made , 
nate heat treating, case carburizing, or with a Plancher Punch Material blanked: SAE 1040 
ee ee 1 pt = a , bn mer ae. ng and Die. Plancher 
tior rdening (a silicon manganese 
LaSalle Steel Ce steel) is a tough die Production: 30,000 per grind 
975. Combustion Control steel indispensable for 


Booklet No. A-801 describes “4 Prover heavy blanking and 
instrument which measure ! stion effi 


of any type furnace using any form of fuel. (¢ ities punching work. It is 

Sernce Ot Ce an oil hardening stee! 

976. Combustion Tubes but not of the non- 
Catalo { Leco combustion tubes describes deforming type. 


mplete , Laboratory Equipment Corp 


97 i. Continuous Casting There's a ZIV STEEL Warebouse or representative near you. Call 
12-page catalog describes properties, sizes on your nearest one for prompt, courteous and dependable service. 


weights of mtinuous cast bronzes 
Smelting & Refining Cc 


978. Control Instrument 

Direct reading spectrometer d n bulletin 
34 is calibrated and adjuste ‘ particular 
analytical need « ct . nalysis of as many 
as 12 elements re “ directly multaneously ESTABLISHEO 1988 
from clock dials. Baird A 


979. Controlled Atmospher “s 
Bulletin on Alnor Dewpointer f 


field and laboratory 
or enclo: 





47" across flats—319" hole 


Thickness of stock: / inch 





bet ween 
100 
ten atu llino 2945 W. HARRISON STREET + CHICAGO 12. ILL. 


BRANCHES 
mpany’s coolan DETROIT, MICH T. LOUIS, MO MILWAUKEE, W 
threading, turn INDIANAPOLIS, IND TOLEDO, OHIO EAGLE RIVER, MICH. 
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PIPE NORMALIZING— , 


Cut From 5 Hours 
To 3 Minutes 
With Continuous 


Heating Line 


MINIMIZES SCALE...IMPROVES GRAIN STRUCTURE 


GRADIATION has set another record in this production war—fast 
continuous heat treatment of vitally needed pipe. 


This new Selas technique of heat treating concentrates and accel- 
erates combustion of fuel in a radiant, flameless heat so that 
millions of BTU’s are released with precision control in less time 
and space than required for the release of hundreds of thousands of 
BTU’s in conventional heating equipment. 


Continuous pipe normalizing with GRADIATION will produce savings: 
TIME ...5 hours if done by the batch method; 3 min- 
utes with GRADIATION, plus better results. 
STEEL ...surface oxidation minimized ...no scale 
... fine grained structure produced with 
GRADIATION. 
LABOR .. . no handling between welding and treatment 
. ». pipe requires no straightening following 
treatment. 
This new continuous pipe normalizing treatment, with its uni- 
formly fine-grained structure, is just one of the many achievements 
of GRADIATION in the metal industry. Selas engineers are working 
constantly with leading manufacturers to design, develop and 
build new equipment—heat processing equipment that will speed 
the products that are needed—now. 


CORPORATION OF AMERICA gc 
PHILADELPHIA 34, PENNSYLVANIA /N\ 


Heat Processing Engineers for Industry — Development + Design * Manufacture 
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1001. Finishing Equipme nt 
12-page cat oot 
washers for metal finishing 


1002. Finishing Systems 
IMustrated Bulletin No. 501 ot 

ng sy metal cleaning and 

eq ipr ent, spray booths baking 


und 
Peters Dalton 
1003. Flame Harder “ning 
t-page illustrated folder 
hardener 
arden forgi 
liameter, up 
& Ordnance Co 


1004. Flow Meters 


Catalog ( 


Burde Whe 


stems 


sccessories f¢ t “ 
differential pressu t i ‘ 
instrument Cc 


1005. a oe Steel 


vacuun 
d gases 


<s and 
on ain n Positio 
Timhon Roller Beoving Ci 


1006. Formed Parts 


20-page brochure des 
or fabric ating cor 


1007. Forming 
Special “ob 
and fabricating facilitic 


1008. Forming 
Func 
id roll 


ated book 


1009. Furnaces 
40-page booklet. B-5459 
lescribes twel diftere tyy 


ace 


1010.) Furt 


ed | 


1012. 
Ini 


pper all Holcrof 
1013. Furnaces 


44-page Catalog 


1014. 


6-1 


Furnaces 


Purne 
1015. Furnaces 
i2-page ¢ ! 


Sentr ( 


1016. 


1017. Furnaces, \nne aling 


ailing 
Drever ( 


The 


1018. Furnaces, Atmosphere 
" le nt ant 
all stex 


1200 to 2800 


‘urnaces, Laboratory 
ok let ( truction 

nec ote 
- 


Meriam 


1021. 
4- page 
eat treatment of 


Furnaces, Small Tool 
folder describes complete set-up for the 
-ma tools, including draw 
irnace, quench tank and high temperature furnace. 
Walts Furnace Ce 


1022. Galvanometer 
Spotlight galvanometer for shop and laboratory 
work is described in Bulletin 320 Rubicon Co 


1023. Gas Carburizer 
Bulletin 1212 illustrates and describes No 
tary gas carburizer for use with small part 
American Gas Furnace Co 

1024. Gas Cutting Machine 
\irco No. 20 Radiagraph, portable 


described and illustrated in 
Reduction Sales Co 


} 


gas cutting 
ne, is 8- page 


Ider. Air 
1025. Gas Producers 


Bulletin 1-10 supplies technical information on 
inert gias generators and data on reducing inert 
‘ r 


M. Kemp Mfe. Ce 
1026. Gear Hardening 


Folder on application of induction heating to 
high-production hardening of gears. Westinghouse 
lectric Corp 


1027. Graphitic Tool Steels 
48-page data booklet contains heat treating 
data, properties and 46 specific applications ot 
r types of graphitic tool steel. Timken Roller 
Bea ring Ce 


1028. 
Data sheet 

ranges 

Electric Co 


1029. Hard Chrome Plating 

Bulletin 10-250 describes new industrial chro 
mium plating unit and applications to twist drills 
taps. extrusion die and file Ward Leonard 
Electric Co 


« . 
1030. Hardfacing Alloys 

Folder Hard-Facing Materials Data sum 
marizes company's hardiacing alloys, giving chemi 
cal composition, properties and forms of 
each alloy Haynes Stellite Co 


1031. Hardness Numbers 
Pocket-size table of Brinell 
rating other tabular inf« 
llurgist, inspector 

Machines, Inc 


Hand Pyrometer 
GEC-836 on hand pyrometer with 
1 0 to 500 and 0 to 1500° F, General 


scale 


hardness 
wmation 
und engi 


1032. Hardness Tester 

Illustrated circular describes portable hardness 
tester in sizes for work 1 in. to 6 in. round and flat 
Ames Precision Machine Wor 


. 
1033. Hardness Tester 

Bulletin ET 202 gives complete details 
Ernst portable hardness tester for direct at-the-job 
readings of all metal types and shapes Newage 
International, Inc 


« oh 
1034. Hardness Tester 

Bulletin F-1689-1 tells of the Impressor, hard- 
ness tester for aluminum, copper, brass, bronze 
and plastics. Barber-Colman Ce 


~ oa 
1035. Hardness Tester 

Literature available on Brinell testing machines 
Detrout Testing Machine Ce 


oa 
1036. Hardness Tester 

Bulletin DH-114 contains full information on 
Tukon hardness testers for use in research and 
industrial testing of metallic and nonmetallic ma 
terials ilson Mechanical Instrument Co 


1037. Heat Processing 

New bulletin 
heated, what 
material is to be 
for what heating time 


1038. Heat Treating 
Data Sheet lists complete line 
ices available at plant Vincent 


1039. Heat Treating 
Catalog 116 contains 72 pages of 
treating data for carburizing, cyanide 
brazing, austempering, and anr ! 

Ajax Electric Co 

1040. Heat Treati 
Ipsenlab periodic show case hist 

bright hardening arburizing 

Industrie 


1041. 


on new 


what is to be 
heated, why the 
and 


America 


answers question 
sections are to be 

heated, to what temperature 
Selas Corp. of 


#7 heat treat sers 
Steel Process Co 


factual heat 


sheet « wies on 


annealing and « I psen 


Heat Treating 
Bulletin 120 tells how Niagara Acro 
changers provide better heat control in 
bath thu protecting physical pr« 
and piping equipment 


Heat Ex 
quenching 
and 
Niagara 


»perties 
on water 


1042. 


Liter 
heat treating 
Dye Corp 


Heat Treating Ar 
standard anhydrous nia for 
Barrett Dit Allied Chemical & 


ature on amme 





Speed Production. 
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Webber Industrial Freezers can 

sove you time and money on the 

following operations: 

@ in the Shrink Fit of Metals for 
Production and Assembly 

@ For Stabilization of Metals for 
Tool and Fixture Manufacturers 

© For Metal Hardening —For 
greoter tool life and accuracy 

© For Storage and Testing of Ma- 
terials at Extremely Low Tem- 
peratures 

© For Chemical Curing, Ageing 
and Processing 

@ Eliminates Dry Ice Applications 
and Overhead 

© Amortizes itself in less thon one 
yeor 

© Performs Low Temperature Serv- 
ices with Greater Dependability 
and Accuracy to Temperatures 
as Low as —165° below zero. 








WEBBER APPL 


INDUSTRIAL FREEZERS > 


Write for More Complete information 


.. Save Money with 


BE 


wa 


Cut your operating costs, Improve 
Quality and Production, Save Volu- 
oble Tools, and improve Testing 
Methods with Webber Industrial 
Freezers 

36 Standard Models... 
or Built to Your Specifications 
... at No Additional Cost. 

A Freezer for Every Need 

REPRESENTATIVES IN MOST CITIES 


Patents 
Pending 





Lis 


TY 14 4-9 
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New abuit 
COANMINGS for METALS 


Metallic Organic Decorative Protective 


ROUMRUNNMANNULNNN cece saagrannn arsenite apt atane et e ! LANUIUUUOIOUAAL SOATEST ‘./UIMUGUUNUUNVE LLU AARNE 





More Durable Substitute Bright Finishes 





Primer Protection 
against corrosion 


Unichrome Primer AP-10 offers you 
the two properties that insure durable 
finishing of magnesium, aluminum and 
other metals. (1) Great resistance to 
corrosion even by itself. (2) Strong 
adhesion even under tough service 
conditions. That's why it actually im- 
proves the life of finish coats. For ex- 
ample: Magnesium panels were primed 
with AP-10; others with a standard 
primer. All were given identical finish 
coats and then tested in salt spray. 
) Even after 100 hours, panels with AP- 
) 10 developed no corrosion, whereas the 
) others had failed completely. 





Chromate protection 
‘ against corrosion 


Protecting zinc or cadmium plated 
steel or zinc die castings is easy, eco- 
nomical and can meet military speci- 
fications when you use one of the 
Unichrome Dips. Several different ones 
are available to produce black, yellow, 
olive drab or brassy-yellow coatings 
which give required resistance to salt 
Spray and exposure. This chemical 
process is adaptable for manual or 
automatic operation. 





THICKER coatings 
for increased protection 


Coatings up to *«” thick can be ob- 
tained with a single application of 
Unichrome Plastisol or Organosol 
Compounds. Designed for dipping or 
Spraying, these coatings permit you 
to apply heavy-duty protection to or- 
dinary metals 


These vinyl-base compounds resist a 
wide group of chemicals and corro- 
sives. Baked at 350° F, they cure to a 
tough, flexible, shock-absorbing coat- 
ing suitable for protecting metal prod- 
ucts or parts which are to be exposed 
to severely corrosive service condi- 
tions. Write us about your application 
We may have just the compound for it. 
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We me Me 
with clear, bright metals can provide a 
substitute finish with long service life 


Many of today’s successful substitute 
finishes are combination finishes — re- 
taining the eye-appealing advantage of 
a bright plate and using the corrosion 
resistance of modern organic coatings 
Metal finishers have several such com- 
binations from which to choose to get a 
bright finish with satisfactory service 
life. Laboratory tests, in fact, show that 
a number of substitute bright plated fin- 
ishes protected with Unichrome Clear 
Enamels, Varnishes or Lacquers actually 
have as good, if not better, corrosion re- 
sistance than the finish they replace. The 
extra protection provided by the Uni- 
chrome Clear Coating compensates for 
that lost with deposits that are different 
or thinner than usual 


TIME-TESTED 
COMBINATION FINISHES 


Zinc Plate of 0.0002” to 0.0005” thickness, 
when chromate-treated in Unichrome 
Clear Dip, can provide a finish that 
matches chromium for brightness. Cor- 
rosion resistant in itself, this outstanding 
substitute finish has been used for years 
with a clear enamel on shelves for qual- 
ity refrigerators, For this particular in- 
terior application, Unichrome Clear 
Coating B-I32 provides excellent protec- 
tion against acids, alkalies, grease, mois- 
ture. In most other applications, Uni- 
chrome Clear Coating B-115 supplies the 
extra durability. It resists humidity, 
handling, discoloration, abrasion and has 
established itsetf as the ideal, all-around 
protector against corrosion of plated 
finishes. 


Chromium, deposited from the Uni- 
chrome S.R.HLS. Bath directly on steel 


or on a copper undercoat, is being fol- 
lowed up by many finishers with baked- 
on Unichrome Coating B-172 or B-115 
for the adhesion, clarity, and resistance 
to corrosion and outdoor exposure that 
these clear coatings display 


When baking facilities are limited, ap- 
plying Unichrome Coating A-140 to 
chromium or to Unichrome Clear Dip 
finishes and then air drying or low tem- 
perature force drying gives results com- 
parable in corrosion resistance to many 
coatings that are baked 


Bright Metals such as stainless steel and 
bright passivated zinc plate can be made 
to simulate gold or brass ¢olors with an 
application of Unichrome Coating B-165 

Gold or Brass-Tinted. This lightfast, 
synthetic is used on both interior and 
exterior trim of refrigerator parts. It has 
excellent resistance to humidity, dis- 
coloration and corrosion. Similar coatings 
available for application to chromium 


METAL FINISHING HELP 


One or another of these combination Uni- 
chrome finishes is solving the bright fin- 
ishing problem on consumer products for 
more and more finishers. The answer to 
your problem also may be only as far as 
the nearest United Chromium office. Write 
or phone the Company that can help you 
on the complete system — the plated finish 
and the organic coating 


UNITED CHROMIUM, INCORPORATED 
100 East 42nd St., New York 17, WN. Y. 
Detroit 20, Mich. © Waterbury 20, Conn. 
Chicago 4, Ul. © Los Angeles 13, Cafif. 

in Canada: 
United Chromium Limited, Toronto, Ont. 





: 
1043. Heat Treating 
Atmospheres 
Attractive 7-page brochure investigates back- 
ground. reviews effects various gases on steel 
analyses mposition and uses Surface Com 
bustion Cort 


1044. Heat Treating Baskets 
Baskets designed for your individual needs in 
handling part All t vw trays, fixtures, re 
torts and irburizing s are described in 
q ic Sta 4 
1045. Heat Treating 
Compounds 
Technical dat "ts describe Aeroheat 300 for 
tempering and awing and Aeroheat 1200 tor 
martempering. tempering and drawing American 
Cyanamid Ce 


1046. Heat Treating Fixtures 

Complete line »{ standard carburizing carriers 
that will handle odd-shaped parts of every type 
through carburizing and quenching to finishing 
Pressed Steel ¢ 


1047. Heat Treating Fixtures 

New catalog No. B-8 contains descriptions and 
photographs of 75 custom-built fabricated alloy 
heat treating accessories Rolock, Inc 


1048. Heat Treating Furnaces 

Performance charts on fuel fired or electric heat 

t rr s for rdening tempering. anneal 

relieving and aluminun 

n incorporates both con 

et n 10ds of heating. Standard 
imerican Engineering ( 

1049. Heat Treating Furnaces 

Inform n available on mechanized batch-type 

f gas cyaniding 


carbon restora 


Heat Treating Guide 
ide constructed on slide rule principle 
rdening and drawing of tool steels 
penter Steel ¢ 


- 
1051. Heating Equipment 
16 page brochure contains reference information 
ane table of steps selecting industrial heating 
pment, Jensen Specialties, In 


1052. Heating for Brazing 


and Annealing 
8-page, illustrated bulletin on high speed heat 
ng equipment for brazing, flame annealing, flame 
hardening, selective heating, and heating for form 
ng. Gas Appliance Service, Inc 


1053. Heating Units 
48-page ( at slog 50 on Chromalox electric heat- 
nits, m ! tank immersion heaters 


al data on heat losses 


1054. Heliare Welding 
Pocket-sized folder contains current ranges and 
r electrodes with table on current and 
imber of passes required to weld various metals. 
Linde Air Products Co 


1055. High Speed Steel 

Technical data fo m 6-6-2" ty of tung- 
ten-molybde n high speed steel Beat at treat 
ents and us erling Steel & Cartide Corp 
1056. High-Temperature Alloy 
Bulletin describes Incoloy new nickel-chro 
mium alloy for high temperature and corrosive 
nvironments, International Nickel Co., Inc 


1057. High-Temperature Alloys 
Thermalloy 30 s property data for 21% 
Cr, 9% Ni heat-resistant alloy. Electro-Alloys Di 


1058. High-Temperature Alloys 

Haynes Alloys for High-Temperature Service 
immarizes all available data on 10 super-alloys 
nd lists physical and mechanical properties of two 
ewly developed alloy Haynes Stellite Dis 


1059. High-Temperature Alloys 
Inco High Temperature Work Sheet" provides 
iluable information and suggestions for solving 
high temperature problems in design and pro 
duction. International Nickel Co. 


: +r . 
1060. High-Temperature Steels 

87-page spiral-bound book discusses behavior 

steels at elevated temperature, factors affecting 
high-temperature properties 45 pages of tabular 
and graphical data on tensile, creep and rupture 
properties of 21 grades of high-temperature steel 
United States Steel ( 


1061. Identifying Metals and 
Alloys 


Booklet of procedures for rapid identification 
of more than 125 metals and alloys. The Inter- 
national Nickel ( Ine 


1062. Immersion Heatin 

. £ 
Bulletin IE-11 gives complete details on 

new immersion pots save time and money 

melting soft metals. High thermal efficiency 

both large and small units provides rapid 

recovery in one-third the time ( i. Kemp 


Mfg. Co 
1063. Induction Heating 


Catalog MP-4 describes portable high frequency 
induction heating unit ior brazing, hardening 
soldering. annealing and melting Lepel High 
Frequency Lab 


. . 
1064. Induction Heating 

Bulletin 1440 furnishes full details on the 
Checklite” system for safety control through the 
use of oversized components built into every unit 
for longer service life and uninterrupted produc 
tion. Lindberg Engineering Co 


« * : 

1065. Induction Heating 
INustrated bulletin on new 60-cycle induction 

furnace for heating aluminum, magnesium, copper 

and brass for forging. extrusion and rolling 

Loftus Engineering Corp. 


. : 
1066. Induction Heating 

Bulletin “Induction Heating and Melting’ con- 
tains the well-known Selector Chart and table 
giving heating and melting speeds for standard 
induction equipment fjax Electrothermic Corp 


- : : 
1067. Induction Heating 

New 60-page catalog TOCCO Induction 
Heating tells of reduced cost and increased 
speed of production on hardening. brazing. an 
nealing, forging or melting jobs. Ohio Crank 
haft Co 


1068. Induction Melting 

&-page illustrated article describes use of induc- 
tion melting in improved technique for rotor 
casting. Ajsax Engineering Corp 


. . 
1069. Industrial Planning 

New book 127 tells how you can share in a 
round-table” discussion of planning expansion 
remodeling or modernization of your plant. Con 
timental Industrial Engineers, Inc 


= . , 
1070. Industrial X-Ray 

New catalog on “Industrial X-Ray Accessories 
provides complete listing of this equipment, in- 
cluding chemicals, dark-room accessories, filing 
equipment, processing tanks, dryers and radiation 
instruments. Picker X-Ray Corp 


- ‘ 
1071. Infrared Heating 

Ten advantages of far-infrared heat for degreas- 
ing, weld preheat, paint baking, heating metal 
molds, foundry and other applications. Edwin L. 
Wiegand Co. 


1072. Inspection 

Model OX-250 production line X-Ray unit is 
described in 28-page booklet. Versatility of equip- 
ment is illustrated. General Electric X-Ray Corp 


1073. Instrument 


. . . 
Centralization 
Bulletin 85-20, consisting of 32 pages, describes 
conventional and graphic type panelboards, as well 
as the measuring and control instruments utilized 
Minneapolis-Honeywell Regulator Co 


1074. Instrumentation 
See review on page 25 


-~- . . 
1075. Imsulating Brick 

Brochure IV-134A gives complete information 
about Superex block insulation. Johns-Manville 


e . . 

1076. Iron, High Chromium 
A\brasion-Resistant High-Chromium Iron” fur- 

nishes a complete file of the best available informa- 

tion on how to make and use abrasion-resistant 

iron castings most efficiently Electro Metal 

lurgical Co. 


“= . 
1077. Laboratory Furnaces 
Series of data sheets give full information on 
complete line of laboratory turnaces for numerous 
metallurgical operations. Boder Scientific Co 


1078. Laboratory Safety 

40-page booklet includes recently developed 
Se, a a 
useful manual for setting up complete 
safety programs. Fisher Scientific Co 


1079. Lead-Clad Metals 


22-page booklet on the use of lead-clad steel and 
lead-clad copper in corrosive environments, espe 


cially sulphuric acid. Anapp Mills, Inc 


1080. Load Testing 


Brochure 501 gives full details on universal 
testing machines in three ranges: Model TMU-A 
0-30,000, 0-6000, 0-600 Ibs.; Model TMU-B, 
0-15,000, 0-3000, 0-300 Ibs. National Forge & 
Ordnance Co 


1081. Lubricant 


8-page folder describes use of molybdenum 
disulfide lubricant in cold forming, cold -—_ 7 
and other applications Case histories The 
Alpha Corp 


laboratory 








Drs 


—== Rs 
.. OF METAL—_ 
JOINING EFFICIENCY ——~\ 


This portrait of KWIKFLUX AT WORK portrays an un 
excelled achievement in hard soldering and brazing of 
ferrous and non-ferrous metals. KWIKFLUX, the quick 
est acting hard soldering flux, sets a new standard of 
safety, efficiency and economy. Used by America’s 
leading industrial plants and acclaimed as the world’s 
finest flux. Works perfectly with both low and high 
melting point hard solders and all types of heat appli 
cations direct, indirect and induction heating 
Bring your metal joining operations up to date with 





*TM. Reg 
Pat. Nos 
2,174,551 
2,196,853 
2,452,995 





The World's Finest 


HARD SOLDERING and BRAZING FLUX 


Only KWIKFLUX Has These EXCLUSIVE Features 


Super Wetting Action speeds work, eliminates 
lumping or pitting of solder. Cleans, protects 
and flews into tightest fitting joints. 
Miracie Flowing Speed—Dependable KWIKFLUX 
resists evaporation, flows faster, works cleaner 
and eliminates skip spots. Melts at 780°F and 
remains stable up to 1800°F and higher 
Double Penetration Power patented phosphate 
formula gives KWIKFLUX better bite action and 
deeper penetration 
Objectionable Fumes are Fixed and neutral 
thereby increasing production efficiency 
KWIKFLUX contains on Anti-Crystallant which 
prevents crystallization in storage 


MEETS ALL RIGID GOVERNMENT SPECIFICATIONS: 
S. Army 24-1121 © Air Corps #11316-A + 
Navy S5IF4A «+ xs 500-OLD 4-1121 + AMS 3en0c 


TRIAL JAR 
Yours for the Asking! 


Try KWIKFLUX, without cost or obli 
gation, and discover a new force of 
Production efficiency and economy 
Just fill in coupon state how used 
and we will send you a FREE sample 
jar of KWIKFLUX with complete in 
Structions. Mail coupon today! 


' SPECIAL CHEMICALS CORP. 


1 
Dept MP-2 ! 
j 30 Irving Place, New York 3, W. ¥ ! 


Please send FREE trial jar of KWIKFLUX with complete i 
instructions 


Type of brazing alloy 


Type of heat application 


1 
I 
| Type of work 
1 
/ 
1 


| Name 
1 Firm 
I Address 
City Zone State 


! 
! 
| 
| 
| 
| 
\ 
| 
| 
= 
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1082. Lubricants, Metal 1087. Manganese Bronze 1092. Metal Conveyor Belt 
° . Article d uses effects of var element 28-page Catalog No. 4 on metal belts for use in 
Forming. ' : - ng bronze R. Lavin & Sons, In acid alkali baths for heat treating furnaces and 
strated brochure showing eight « ' other applications. Cyclone Pence Dis 
mith clesheed, Ghmdend os drewe. usin was 1088. “Mee ha al Cc les aning aa ae ine spun 
lubricants. Metals include aluminum. deep draw spe ve ies « 1093. Metal Cutting 
ing steel, 430 and 446 stainless, and electr - , . ' er ning 64-page catalog No. 28 gives prices and de 
sheet S. C. Johnson Son, Ime s complete line of rotary files, burrs, metal 


ing saws and other products Martindale 


1083. L ubric ‘ant, Me talworking ; 
: qo yee 1089. sh: : 1094. Metallic Abrasives 


Catalog 152 describes uses and proper 
) hot and grit for impact cleaning 
peening. Cleveland Metal Abrasive ( 


1084. Magnes ie Casti pie pecan "tax 1095 

. ' asting : 095. Metallograph 

Book How Magne r ; gi t 1090. Melting Nonferrous New research met ns “A described in cata- 
— of the econ mi ise t znesiun Metal log E-240, furnishes four different ac 

wide range of produc rmica ? MP ~~ » ane Geet " » same sample for complete identification 


1085. Magnesium Welding ~ aia saidiee <f anulervens tite bright field, dark field or polarized light. Bausch 


Donan uf ( & Lomb Optical Co 


explained 
Colloids Ce 


investigation to 


inert i-shiel l-are welding of magne 1091. Metal Analysis 1096. Metallographic Polishers 
. POENES OS " © describes the ratio the nt Bulletin 90-1 shows various models of met 
1086. Magnetic Alloys —ods of quankene qeanceia eaves St ween ee 
20-page bullet portant , on juick! tecuratel pt 1097. Metalworking Data File 
netically uit iron-n Kel ih c ning ror 4 eT 4 t mt r sur ! tar 
1) to 90% nickel internals 


Fingertip reference file contains engineering 
formation about equipment and processes 
1etal stampings, heavy weldments and pre ned 
shapes. Chas. T. Brandt, In 


1098. Metalworking Lubricant 


’ Data sheet on solid waxes in stick form for use 
INDUSTRY 5s ; 1s lubricant in sawing, thre atee drilling, tap 


ping. spinning and grinding Johnson & 


LEADERS — | Som Im 


| 1099. Microhardness Tester 
' Sulletin describes the Kentron microhardne 
SAY tester. Kent Cliff Laboratorie 


1100. Moly-Sulfide Lubric ‘ant 

40- page booklet listing 154 applicatior 
Moly-sulfide lubricant with specific informatior 
n each. Climax Molybdenum Co 


1101. Nickel Cast Irons 


’8-page basic reference bulletin 

irily tor design engineers pre 
istics of modern nickel cast irons and lustrate 
their broad use International Nickel ¢ 





1102. Nitriding Furnaces 
IN : F Bulletin HD-664 describes productior 
ar bottom furnace. Heri Duty Electric ( 


HEAT TREATING { eee 1103. Nodular Cast Iron 


— » production of nodular « 


HIGH SPEED . , erium and other uses of cerium with ferre 


nd nferrous metals. Cerium Metals ¢ 


STEEL 1104. Nondestructive 
Inspection 

Series of bulletins gives data on both ultrasonic 
and magnetic nondestructive testing instruments 
.» > P Illustrated. J. W. Dice Ce 
Sentry 2Y electric furnaces at work a 2 
in the Independent Nail & Packing 1105. Nondestructive 

Company, Bridgewater, Mass Inspection — 

Data available on electro nspection eq 
ment, demagnetizers and comparator r 
Magnetic Analysis Corp 


“Hits The Nail on The Head 1106. Oil Que nching 


at INDEPENDENTI" =| sino: etn tia 


m tables. Bell & Gossett 


” 1107. Optical Pyrometer 
The two Sentry furnaces operating at the Bridgewater, Mass., Catalog 80 describes pyrometer fo 

plant of the Independent Nail & Packing Company are turning a ox keene an ———— nn Mary P 

4 1OVINg Objects and small streams in a te per 
in top performance day after day. range of 1400 to 7800°F. Pyrometer 
ment C« 

Independent s “Stronghold” line of nails calls for quantity pro- Oo 
duction of heading dies, threading and cutting tools made of 1108. vens 

high speed, high chrome - high carbon and carbon steel. SS standard since of furnaces and ovens 


gas or electric; in batch or mveyor type 
rapid, uniform heating in rolled tempera 
and atmosphere, descri tet in "b illetin 413. WU 
Rockwell Co. 
: > 

SENTRY MODEL YP SENTRY MODEL 2¥ 1109. Ovens sa 

Sulletin 14-T showing applications o ve 
REQUEST Vertical model For small tools, low temperature heat treating ) and 

. z for long, slender cutters of moly, nonferrous metals illustrates and describes batcl 
CATALOG = Aiwars On 0 drills, reamers. ff tungsten and co- and conveyor-type ovens with operating tempera 
. broaches, etc. , balt high speed tures up to 1000° I Young Bros. ¢ 
} steels. 
1110. Ovens 

Bulletin 4-T describes 
and conveyor-type ovens to 
ment in ferrous and nonferrou 


THE SENTRY COMPANY also light alloys. Yousg Brothers 


1111. Photomicrography 


Full information furnished on Aristo 


INDUSTRIAL ELECTRIC FURNACES AND EQUIPMENT FOR HEAT TREATMENT OF METALS ie Gad Gacteneee. ES 
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MSIE) BATS 1000 
/N SPRING TRYOUTS 


(and Production RUNS) 


There are no CLOSE PLAYS when using 

CMP SPRING STEEL. You can count on a 

wide margin of safety with CMP annealed 

or hardened and tempered grades, in a wide 

range of physicals, sizes, and finishes. When you 
put this precision material to test you will find 

you can place your confidence in the end 

product results—coil after coil, even where 
requirements are most unusual. Try atest run! Your 
inquiry will receive prompt and interested attention. 





(of any of these CMP “regulars”) 
NOW IS THE TIME 
CMP Spring Steel—Annealed, for best re- 
FOR sponse to heat treatment. 


Hard Rolled or Intermediate Tempers. 
SPRING TRY-OUT! Hardened and Tempered, Scaleless Blue 





Finish. 
Tempered and Polished. 
Tempered, Polished and Colored. 


CMP Tempered Specialties: Feeler Gauge 
Stock, Vibrator Reeds, Camera Main Spring 
Steel, Sinker, Tape and Band Saw Steel. 


the Cold Metal Products co. 


YOUNGSTOWN |, OHIO 


New York © Chicago © indienapolis © Detroit © St Lowis © Los Angeles © Cleveland 


LOW CARBON, HIGH CARBON ([Annesled or Tempered) STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM: 
THE COLD METAL PRODUCTS CO. of CALIFORNIA, 6600 McKinley Avenue, Los Angeles 
Phone: Pleasent 3-129! 
THE KENILWORTH STEEL CO., 750 Bowleverd, Kenilworth, New Jersey 
WN. Y., COrtiendt 7.2427; MN. J., UNionville 2-6900 
PRECISION STEEL WAREHOUSE, INC., 4425 W. Kinzie, Chicoge . Phone: COlumbvs 1-2700 











1112. Plating Barrels 


4-page folder illustrates ad 
ment designed to handle any 
lem quickly and easily wit 
arrangement for maximum 
Daniels Plating Barrel & Supply ¢ 


1113. 


describes e 





Plating Generators 








Catalog MP-700 describ 1-G set for electr 
plating anodizing, electrocleaning © electr 
polishing in either large or small-scale operatior 





Columbia Electric Ce 


1114. 


Potentiome ter rs 





Dynalog instrument r » 1 tempera 
ture, humidity, pressure nay et Detail 
bulletin 427 ‘oxboro ¢ 
1115. Precision Casting 

Illustrated folder ( a is 
estment Casting shc t 
which process applies Ir 
1116. Precision Casting 

. recision Casting 
12-page, illustrated booklet on precision casting 





with emphasis on widel 
and supplies. Check list of applic 
fields included Alexander Saunders & ( 
- es 

1117. Precision C esting 

Illustrated folder shows samples of investme 
castings produced of arious ferro 
ferrous alloy Advantages 
Engineered Pre iston Casting Co 
Pre-Coated Metal 


folder and sample metal str 


he n s er 
the r ised equipt 





ations in var 








4-page pt 
finished with a coating that will with stresse 
f drawing, bending and forn ing without rack 
ing or peeling. Coated ( ( 


P yoperties of Steel 
140-page book of tensile and hardnes 
4 carbon and alloy steel after variot 
% heat treatment and fo 
Heppensiall ( 


1120. 





Proportional Control 








Bulletin No. 1052 describes se Pyr-O-Vane 
Contre ler ised for any heating proces whict 
needs close temperature regulation, but does r 
require a strument Minnea poli 





Honeywell 


Protection for Aluminum 









lescribes applicat ind result Brus 
protection of painted or p 1 
imerican Chemical Paint ( 

Protective Fi ish 





Cor e study rack 
Finishes and Heat Treating Salts for Meta 
Black Mag Mitchell-Bradford Chemical (¢ 
> 
il Py romete r Equipment 
ew Bus ‘ Guid t 


Minne 


pe LT-840 d 






Pyrometers 
let GEC 13 and Bullet GEC 14 de 





12 t 
Apr nsion ° 
Minneapolis-Honeywell Regulator ( 

1127. Quene hing Additive 

8-page br " w carb te] 
fiten replaces a teel when additive ed 
juenching oil Aldridge Industrial Oi in 
1128. Quenching Oil 

Booklet. “Sun Quenching O 


Sun Oil ( 


l 12 29. Radiation Py rome te r 
italog N 100 de be 


meter Pyrometer I+ 


1130. 


rument ( 


Radiography 





18-page let « { 
dustria in range power uf 
illiot t General Ele ¥-R Cor 


1131. Radiography 
Bullet 400.310 

uss production inspect We 

use Electric Cor 


1132. Recire ‘ulating Furnaces 
16-page Bu 81 d i 








1133. Recorder, Strip Chart 
Bulletin C2 describes 
rders that provide per 

erature or v ariables 


in strial processing 
heel instrumen 


apac 


log strip char 
t cord o 





Refractories 

» booklet gives technical information of 
nature on super refractories. Contains 
tables, illustrations and application 
data. Carborundum Co tefractories Div 


1135. Rhodium Plating 
Directions for rhodium plating, with particular 


as replacement for the 
Baker 


1134. 


text harts 





rence to its use isual 


ylating metals & Co., In 


1136. Rotary Straightener 
Catalog describes two-roll straightener 
” round tubes and bars '% to %* in. O.D The 
Medari ( 


rotary 
3 


1137. 


Rust Preventive 

book shows how slushing and degreasing 

can be eliminated by Vapor Wrapper 
~ packaging machines and parts 

Rust Chemical Cor 


1138. Rust Preventive 
Use Chart 





New rust preventive use chart No. 1151 lists 
ve latest U.S. Government spec for preservative 
and yatings for packaging Nox-Ru 


Chemical Corp 


1139. Rust Proofing 
6-page bulletin on phosphate coating process 
rat protects iron and steel from corrosi 
Detrex Corp 


Data sheet 5.2-5 describes instrumentation for 
control of salt baths in heat treat 
speed steel. Minneapolis-Honeywe 


Salt Bath Control 


temperature 
ment of high 
Regulator Cx 
1141. Salt Baths 


32-page bulletin entitled “Houghton I 
Baths’ discusses the advantages of th 








tempering, brazing, annealing 
heating, and carburizing Heat ‘ 
E. F. Houghton & Co. 


1142. 


IHustr 


Sawing Refractories 


ated folder describing use of masonr 


r shaping refractory bricks. Pictures of nine 
lifferent shapes and number of seconds required 
» cut each shape. Clipper Manufacturing ( 
1143. Silver Brazing 
48-page po ket-size manual on all aspect 
er applications and problems The 





PI atinum Work 


1144. Slitters 





llustrated Slitter Book gives infort 1 
erits of different types and sizes of slit rd 
accessorie: Economics of litter operatiot 
Yoder ( 

- . . * 
1145. Soaking Pit 

4-page technical bulletin with deta the 

struction and performance of new soaking pit 





which will reduce fuel consumption by 40% while 


ilmost doubling amount of steel heated Loft 


1146. Soldering Aluminum 
Article on latest techniques and materials de 
eloped for soldering aluminum, from Reynolds 
Technical Advisor”. Reynolds Metals ( 


= ' * . ° 
1147. Soldering Equipment 

. -page brochure on soldering and brazing equip- 
t describes new Mogul soldering ¢g 
applications to production-line 
ng Metallizing Co. of 











America 


Carpenter 





1148. Solvent Cleaning 
24-page brochure describes medium 
T use following solvent degreasing 

precleaner. Other products included i 


Northwest Chemical Ce 
1149. Spark Testing 
10-page spark test guide feature 
grams of the 13 standard tool and 


Steel © 
1150. 
\ 52-page 
w metallurgic 
arrell-Ash ( 
1151. Springs 


Information 


Spectrographs 
guide to spectrographic 
al and general chemix 





j 


om compression, torsior 
ion and special springs. John Evan 
1152. Stabilized Stainke 
Extensive table of data 
n 1 bend and 
three heats each of 


yium-stabilized »s 
. { r 


showing 
e, close reversed ben 
titanium-stabilized 
less steel Z 


different reduc 














ig ogre 

1153. Stainless ¢ Zs 
28-page full-color industrial fantasy 

( perl captures the spirit of Le 





lescribing how stainless steel casting 

The Cooper Alloy Foundry Co 

1154. Stainless Castings 
f spe ification 4d 

heat treatm 





an heat resista 
g Lebanon Steel Foundr 
1155. Stainless Steel 


Weekly lists with analyses of all pla 
und latest data. G. O. Carlson, In 
1156. Steel, Alloy 


New 24-page booklet, “How to Speci 








Alloy Steel with ynfidence emp 
portance of careful selection, positive 
yperties and accurate heat tr 

, ng alloy steels erson 








1157. Steel, Low-Alloy 
Booklet mn Hi-Steel, which has 
he working strength of din ary § 
ability to withstand impa Inland 
1158. Steel, Low-Alloy 
Well-illustrated 8-page folder n } 
lloy steels lists physical _propertie 
specifications. Great Lakes Steel Cort 


1159. Steel Bars 
New wall chart of 275 different grad 
ard pecial and alloy steel bars sho 


analyse and other data 


1160. 


Salle Ste 


Stereomic roscope 


0-page brox yacope 
limensiona onatea! n up t 45 
Bausch & Lomb Optical ¢ 


1161. Strip-Chart 


Pote ntiome ters 





6% Bulletir es inf 
ew ronic ir for re 
idicating a wide ariable 
charts and wirit any 


e If mailed from countries outside the United States. 


amount of postage stamps must be affixed for return! 
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No Postage Stamp Necessary If Mailed In the United States 
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FEI VECTION 








FUEL-FIRED OR ELECTRIC 


HEAT TREATING FURNACES 


FOR UTILITY AND PRODUCTION — HARDENING, TEMPERING, 


ANNEALING, NORMALIZING, STRESS RELIEVING, 
ALUMINUM TREATING, ETC. 


TEMPER 
2,000,000 Ibs. 


More Work 
A Year 


Using Less Floor 
Space Than Any 
Convection or Other 
Draw Furnace Built. 


Uses 25% less gas. 


~< Let Your New 
Furnace Pay For 
itself In Four 
Months Through 
Increased Produc- 
tion. 


* Improve Sur- 
face Appearance 
and Quality... 
Avoid Excess Scale 
and “Burned” 
Work. 





Claims are based on 24-hour a 
day tempering at 1000° F. loading 
75 pounds a cubic foot. Denser 
loading improves RADIVECTION 
Advantage. 








Write for Verified Performance Charts . . . 


. « » and Names of RADIVECTION Users 





STANDARD AMERICAN ENGINEERING CO. 


7851 W. 43rd Street, Lyons, Illinois 














1162. Subzero Freezer 

4-page folder on portable freezer, 110-volt a. 
yperating to 80° F., for shrink fitting. harden 
ing, stabilizing and testing Webber Appliance 
c Ine 


1163. Super High Speed Steel 
Technical data folder on molybdenum, 8% 
cobalt high speed steel for use at speeds 20 to 
5% greater than with ordinary high speed steel 
treatments, protective coatings and uses 
Firth Sterling Steel & Carbide Corp 


1164. Surface Harder 


Stainless Steels 

24-page “Story of Malcomizing 
face hardening of stainless steels 

histories. Lindberg Steel Treating Co 


- . 
1165. Surface Roughness 

4-page folder with description, specification 
illustrations of portable surtace comparator for 
point-ol-production examination of 
im range | to 100 micro-in. rms. Kota-Meters, Inc 


1166. Tank Heaters 

6-page bulletin describing immersion heater fo 
plating tank cleaning, finishing and quenchin 
tanks Kold-Hold Mfg. ¢ 

a , 

1167. Temperature Control 

Catalog P1245 gives 
tronic re Jers and 
speeds tron 


1168. Test Specimens 


Specimens 


ng of 


describe 
ncludes « 


surtace finish 


performance dat 
controllers having 
% to 7200 in. per hr The Bristol 


a common metals 

mounted and identified and supplied with photo 
micrograph, analysis, hardness for comparison or 
teaching. Buehler, Lid 


1169. Testing 
Bulletin on mechanical and nondestructive test 
ng and on certification in accordance with pro 
cedure set up by the American Standards Associa 
n American Standards Testing Bureau, In 
» 7." . ° 
1170. Testing Machine 
32-page catalog lists all Riehle hydraulic un 
versal testing machines Ilustration specifica 
tions advantages, operating detail imericar 
Machine and Metals, In 
- 1. ° ° 
1171. Testing Machine 


New universal testing machine of 


« 12,000 Ib 
capacity is presented in illustrated Bulletin 336 
Baldwin-Lima-Hamilton Corp 


1172. Testing Machines 
Universal testing machines and equipment are 


diagrammed, described and illustrated in 0- page 
Bulletin 43 Tinius Olsen Testing 


Thermocouple Data 
4 data and charts 
‘ mtrol LCCESSO 


1174. 


fachine ( 


covering all types 


Wheelco Instruments ( 
Thermocouples and Py- 
rometer Accessories 


56-page book comprising a User's Manual, illu 
trated Buyer Guide with specification and 
prices and thermocouple calibration data. The 


Bristol Ce 


1175. Thermocouple Wells 
Catalog 200-2 furnishe up-to-date data on 


thermocouple wells. Muinneapolis-Honeywell Regu 
itor Ce 


1176. Tool Steel 
Stock list of 
Reliable Steel Co. 


1177. Tool Steels 

Full information on uses, compositions and heat 
treatment of carbon and carbon-vanadium tool 
steels. Vanadium-Alloys Steel Co 


oH . . 
1178. Tool Steel Electrodes 
Technical brochure on use of tool steel electrodes 
in rebuilding worn or damaged areas of tools and 
dies. Tempering curves for weld deposits from five 
types of tool steel electrodes. Alloy Rods Cc 


- +. . * 
1179. Tool Steel Selector 

Selector is handy chart featuring general and 
heat treating data on non-deforming, water hard 
ening. shock-resistant, hot work and high speed 
tool steels and hollow die steels. A. Milne & Co. 


1. . . 
1180. Tool Steel Selector 

Twist the dial of the 9 in. circular selector and 
you can read off the toolsteel for your application 
Crucible Steel Co. of America 


- . . 
1181. Tools, Stellite 

Tool manual and catalog describes four differe 
grades of cast cutting tool alloys. Gives physics 
mechanical and chemical properties of alloys 
help in selecting right tool alloy for v 
yperations. Haynes Stellite Co 


1182. Tubing 
Bulletin TB-324 describes applic 
tubing. Babcock & Wilcox C 


l 83. Tubing 


or full information on analyses available, pro- 
ne. tion limits, commercial tolerances 
designations and product descriptions of seamless 
und weldrawn tubing, send for bulletin 32. Supertor 
Tube Co 


1184. Tubing, Carbon Steel 

Technical Data Card 142 gives condensed data 
on pr werties and fabrication The Babcock & 
Wilcox Ce 


- oh . — 
1185. Tubing Failures 

Factors affecting tube life in high-pressure 
high-temperature applications are presented in 
40-page booklet which is the result of a ere at 
number of investigations of failure Bahcoc , 
Wile Ce 


available tool and die steels 


rious 


temper 


1186. Tubing Machine 


4-page folder, ‘Machine Hot-Forms Tubing into 
Complex Parts’, treats the economic advantages 
# hot-forming in the same plant where the pre 
ision-sized tubing is produced Tube Reducin 
Cor 


- +. . 
1187. Turbo Compressors 

New 12-page bulletin 126-A provides detailed 
nformation on application of turbo compressor 

“il and gas-fired equipment used in heat treat 
ng. agitation, cooling and drying Performance 
curves and tables of capacities for both vacuun 
ind pressure applications are included S pencer 
Turbine Ce 


1188. Vacuum Metallurgy 
Bulletin entitled “National Research Corp. and 
Vacuum Metallurgy gives brief 
2cuum metallurgical operations and background 
f this company and of the research and develop 
ment facilities and services available to the metal 
lurgist National Research Corp 


resume of the 


e If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 


May, 1952 








1044 
1045 


1146 1180 
1147 
1148 


1150 
1151 
1152 
1153 


Otte 
COe@4eVeswr 


1155 
1156 


METAL PROGRESS, 


1149 7301 Euclid Avenue, Cleveland 3, Ohio 


+934 Please have literature circled at the left sent to me. 


1157 Name 


1158 
1159 


1161 Title 


1162 


BzSSSISSF 
one 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


~~ 


1174 


1009 1043 








Company 
Address 


3 ' City and State 


Postcard must be mailed prior to Aug. 1, 1952— 
Students should write direct to manufacturers. 


1189. Vapor Degreaser 

Vapor degreaser described and diagrammed i 
folder. Data on different models. Topper Equip 
ment Co. 


1190. Vapor Degreasing 

Pamphlet on properties and use of trichlorethy 
lene as a solvent tor vapor degreasing of meta 
parts Niagara Alkali Co. 


191. W i 
1191. ax Lubricant 

Free sample and complete information on use 
of wax lubricant in difficult drawing and stamping 
operations. S Johnson & Son, Inc 


1192. Weld-Rod Coatings 


16-page booklet on four groups of weld-rod 
coating materials: alloying materials, binders and 
slipping agents, arc stabilizers, fluxes and slag 
forming materials. Foote Mineral Co 


1193. Weld-Rod Stabilizer 


4-page bulletin on low-hydrogen electrode stabi 
lizer Includes complete specifications of con 
pany’s equipment for dehydrating mineral shiek ding 
on low-hydrogen electrodes. Fred C. Archer, Inc 


1194. Weld-Spatter 


Compounds 
Data sheet GEC-866 on coatings that prevent 
adhesion of weld spatter Fillet-weld gage and 
other accessories also described. General Ele 
tric Co 


1195. Weld-Through Sealer 

Data sheet and sample of sealer that resist 
heat and pressure of spot welding without splat 
tering and burning Minnesota Mining & Man 
facturing Co 


1196. Welding 

Catalog No. 17 describes the Aircomatic welding 
process, based on bare filler wire with inert shield 
ing gases Air Reduction Sales Co., Ine 


1197. Welding 

16-page booklet describes company’s operatior 
typical weldments and welded rings produced 
American Welding & Manufacturing Co 


1198. Welding Armor Plate 
Booklet discusses new low hydrogen 
electrodes for welding armored ships and 

Arcos Corp 


1199. Welding 

16-page 
Welding 
describes 


Electrodes 

brochure, Bulletin ARSI-1 All 
Electrodes for Detense Production 
electrodes { armor, high-temperature 
alloys, high-strength steels and special applica 
tions tlloy Rods ¢ 


1200. Welding Equipment 
Cadweld process and complete list 
accessories are described in catalog 


1201. Welding, Nic kel 
booklet of ision 


New 44-page f 
nickel and high nickel los Illustrated and 
containing more than 30 tables Both electric ar 
welding and gas welding International Nickel 
ce ne 


1202. Welding Pressure Vessels 
Reprint describes procedures for welding stain 
less, stainless-clad and copper alloy pressure 
essels and refinery components fir Reduction 
Sales Co 
1203. Welding Steel Castings 
40-page booklet gives recommended procedure 
r welding each of 20 types of 
Bibliography of 32 references 
Founders Society; now offered by empl 


1204. Welding W ith Bronze 


Eight page r I Jobs i Can Do 
Bronze Elect techni 

choice ot br mnze 
copper, steel 


Metal, Inc 


1205. Wire Rope 

Bulletin on wire rope sockets, cast it 
a chrome-nickel-molybdenum alloy that 
naximum safety and wear resistance 
equipment Chicago Steel Foundry Ce 


1206. X-Ray Applications 
34-page book, “industrial Applications 
X-Ray features radiography of casting 

weldments. General Electric X-Ray Cor 
1207. X-Ray Film 

Bulletin containing reference chart on selection 
and relative speeds of company’s industrial X-ra 


films Also characteristic exposure-density curve 


Anse 


1208. X-Ray Inspection 

Bulletin 400-520 on jib-crane unit 
tions where horizontal and vertical 
standard tubestand are adequate West 
Electric Corp 


1209. Zine Die Castings 

8-page booklet of data on properties 
advantages and uses of “really small" zinc ) 
die castings Chart compares cost, productio 
and design features of various fabricating meth 
Gries Reproducer Corp 


1210. Zircor 
New price schedule 
zirconium. Foote Minera 


welding 


”y steel casting 


Pi lis hed by 


— jues 
electrodes welding 


and cast iron subassemblies 
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PROGRESS REPORTS FAVOR EXTENDED USE 
OF NATIONAL CARBON IN BLAST FURNACES 


TRADE-MARK 
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The term “National” is a registered trade-mark of 
Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N. Y. 


District Sales Offices: Atlanta, Chicago, Dallas, 
Kansas City, New York, Pittsburgh, San Francisco 


@ The future of “National” carbon as a preferred material 
for blast furnace linings is definitely assured by the 
mounting evidence of its extra long life in hearths and, 
more recently, in side walls all the way up to the mantle. 

Already, indications are that, as carbon goes wp the 
furnace, operating costs come down. Fewer shut-downs, 
more uniform casts are consistently being obtained in 
existing installations. And increased capacity can be 


In Canada: National Carbon Limited, Montreal, Toronto, Winnipeg 





WHY BUY THIS ITEM? 





It gives you dowble the usable light! 
No metal can to leak or corrode! 

It can't stick, swell or jam! 

It delivers the whitest, brightest light! 

It's the “Eveready" No. 1050 flashlight 
battery, made with the zinc electrode inside 
a carbon jacket — just the reverse of every 
other battery on the market 

Test it and... you always buy it! 








BLAST FURNACE LININGS + BRICK « CINDER NOTCH LINERS + CINDER NOTCH PLUGS + SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS 


expected to result from the use of thinner wall sections, 
made possible by this ideal furnace-lining material. 

Furnace operators are urged to keep their eyes on 
carbon and on the growing body of data covering its use 
in modern, high-tonnage-life furnaces. 


OTHER NATIONAL CARBON propucts § 
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Here’s PROOF that X-Ray 


cuts costs, speeds production 





° . iq 
spection to lower costs, speed production, improve Vs 


products. Here are just a few typical* reports: /) 
4 


nal tears is by radiography. On a radiograph 
the internal hot tear will show branches 
emanating from the main crack.” 


Scores of industries use non-destructive x-ray in- CHS “The only reliable way of detecting inter- 
d4\e 
Vg 


ew 


“Examination of one type of crankshaft The GE model OX-250 is by far the world’s 
showed lack of fusion at the chill . . . ‘ 


pointed the way to saving $250,000 on a most popular industrial radiographic unit. With an 

year's production.” operating range from 60 to 250 kvp, 2 to 10 ma, 

<= : this versatile unit is available in seven different 
It is estimated that on two jobs alone the sad ind I ad 

foundry saved over $13,000 and added to mountings to meet varied industrial needs, 

its prestige by delivering castings in which Let one of General Electric's highly trained ap- 

the customers could have utmost confidence, * 1: . : ie 

plication specialists appraise your inspection needs. 

“Through the use of x-ray, risers have Ask for the new 28-page information book, Pub. 
ae _ ad j . > r ~ . 

been added, relocated, reduced and even 7A-3292, from X-Ray Department, General Elec- 

eliminated on many patterns, which in turn ( » Mil kee 14, W R x 

has made it possible to produce better cast- tric Company, Milwaukee 14, isconsin, KM. ASS. 


ings at lower cost.” *Names supplied on request. 





“Radiography accounted for the salvaging 
monthly of $35,000 worth of parts, ena- 


EEE EIS pessoas 20% ving GENERAL @ ELECTRIC 
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HOUGHTON’S “LIQUID SALT BATHS” — 
a 32-page book covering general heat treat- 


ing applications for salts—frankly tries to 
“sell’’ you on using them more widely. 


It gives you the reasons why you get better 
results with salis. Shows you how they provide 
rapid, uniform heating. Tells how salts elimi- 
nate scale, reduce cracking, lower production 
costs. Describes the properties of Houghton 
salts, illustrates their benefits to you, provides 
you with charted proof. 


Send coupon for your copy. It will be mailed 
without cost, promptly. A valuable addition 
to your file of heat treating aids. 


HEAT TREAT ALUMINUM IN TIME WITH DRAW-TEMP 43990 


Pure, doubly refined—and exceptionally safe—this salt is widely 
used in treating aluminum alloys like aircraft parts. Meets require- 
ments of MIL-L-10699, Class 2. Try Draw-Temp 430. 


E. F. HOUGHTON & CO., PHILADELPHIA 33, PA. 


Please send me your 32-page book," ‘Liquid 
Salt Baths’’— without cost. 


NAME 
COMPANY 
ADDRESS 
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Retaining 


THEY’RE MADE OF 


Retaining, or snap, rings are rapidly 
replacing nuts, machined or pressed 
shoulders, collars and many other posi- 
tioning thrust devices. That's because 
they're easy to assemble and can be 
used over and over again. Waldes 
Truarc Retaining Rings, made by 
Waldes Kohinoor Inc., have won wide 
acceptance in valve and pump parts, 
motors, potentiometers, selsyns, instru- 
ments, business machines and a wide 
variety of other applications. 


It is easy to see why Waldes employs 


Berylco beryllium copper for many of 
its retaining rings. 


BERYLCO 


B E RY L ( 0 BERYLLIUM COPPER! 


For one, specifications say a ring must 
have enough elasticity to open or con- 
tract at least 10 percent of its free 
diameter without taking a permanent 
set. Such elasticity is only one of 
Berylco’s many desirable properties. 
Because it is an age-hardening alloy, 
it can be stamped in a relatively soft 
condition, then heat-treated for high 
strength and hardness. It is also resis- 
tant to corrosion and vibrational 
fatigue, is nonmagnetic, 
excellent electrical 


and has 
conductivity. In 
blanking, it is cleaner cutting, gives 
better edges and longer die life. For 
instance, it is possible to blank 100,000 


"He BERYLLIUM 


of the Ye"" diameter rings with a varia- 
tion in diameter of only .002"’. 


This application suggests many other 
design problems which you can solve 
profitably with Beryico beryllium cop- 
per. It will pay you to take advantage 
of the technical and engineering know- 
how of the world’s largest producer of 
beryllium copper. Write or phone any 
of the offices listed below. 


Tomorrow’s products are planned today 
—with Berylco beryllium copper 
SAMPLE MATERIAL AVAILABLE FOR 
TESTING PURPOSES 


CORPORATION 


DEPT. 2E, READING 9, PENNSYLVANIA 
New York - Springfield, Mass. - Cleveland - Dayton - Detroit - Chicago - Minneapolis - St. Louis - Seattle - San Francisco - Los Angeles 
Representatives in principal world-trade centers 
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ACSIIS ALLOY STEEL 


N-A-X AC9IIS ALLOY STEEL offers a means of 
reducing the use of critical alloy steels of 
the “stainless” type in gas turbine and sim- 
ilar applications. In specific cases it has re- 
placed over half the amount of strategic 
material originally required, with no sacrifice 
of quality. 


N-A-X AC91IS ALLOY STEEL has high strength 
and toughness values at temperatures rang- 
ing from —70° F. to +1,000° F. It can be 
readily cold formed into the most difficult 
shapes; its response to welding by any 
process is excellent. It must, however, be 
suitably coated for protection against cold 
or hot corrosion. 


N-A-X AC9II5 ALLOY STEEL is available in bars 
as well as flat rolled products. Investigate the 
outstanding properties and characteristics of 
this steel and, through its use, conserve the 
critical material so necessary to our nation. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division © Ecorse, Detroit 29, Michigan 


NATIONAL STEEL yileg CORPORATION 
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EXPERIENCE 





ri 


LONG ON 


Newest in a line of quality electro-chemicals is 
NIALK® TRICHLORethylene 


for metal-cleaning and degreasing... a product 
of Niagara's many years of experience 


in serving industry. © 


NIAGARA ALKALI COMPANY 


60 East 42nd Street, New York 17, N. Y. 


Liquid Chiorine @ Caustic Potash e@ Carbonate of Potash @ Paradichlorobenzene e Caustic Soda 
TRICHLORethylene @ NIAGATHAL® (Tetrachioro Phthalic Anhydride) 
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For deeper, more uniform hardness 
on steels of critical hardenability— 


GULF SUPER-QUENCH 
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Time — second 


Center cooling curves, 18-8 stainless steel specimen 1/2 in. diameter 
x 242 in. long, quenched from 1500°F.; oil temperature 120°F. 


Is the current alloy shortage creating a heat-treating 
problem for you? Must you accept alloy steels with less 
nickel, molybdenum, and chromium than you specify 
or hope to obtain? 

Perhaps your problem can be solved through the use 
of Gulf Super-Quench. Because of its greater quench- 
ing power, this superior quenching oil helps offset the 
lower hardenability of today’s substitute steels. 

As shown above, Gulf Super-Quench passes through 
the vapor transport stage far more quickly than con- 
ventional quenching -oils. This means that the cooling 
rate is extremely fast at the outset, an important factor 
in the depth and uniformity of hardening. In the suc- 
ceeding stages Gulf Super-Quench has a slow cooling 
rate, like that of conventional quenching oils, and there- 
fore has the same minimum tendency toward distortion 
and cracking. 

Greater quenching power of Gulf Super-Quench 


adds up to greater depth of hardening and more uni- 
form hardness! One of the most practical advantages of 
Gulf Super-Quench is greater uniformity of results on 
steels of variable hardenability. 

For further information on Gulf Super-Quench, call 
in a Gulf Sales Engineer today. Write, wire, or phone 
your nearest Gulf office. 


Gulf Oil Corporation - Gulf Refining Company 
Pittsburgh 30, Pennsylvania 


SERVES 


INDUSTRY 
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Forgings for the aircraft industry today demand the utmost in engineering 
and production techniques and in scientific laboratory control. This massive 
complicated landing gear component, weighing over 400 pounds, is typical of 
Wyman-Gordon's forging contribution to the ever-growing progress in aircraft 
design. In crankshafts for the automotive industry and in all types of aircraft for- 
gings, steel and light alloy, Wyman-Gordon has pioneered in the development 
of forging "know-how''—there is no substitute for Wyman-Gordon experience. 


Standard of the Industry for Wore “Jhan Sixty Years 


WYMAN-GORDON 


FORGINGS OF ALUMINUM * MAGNESIUM © STEEI 
WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 
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WELDING TECHNIQUES have 
changed markedly since 
World War Ii. This concise, 
outhoritative, and timely 
brochure reviews past experi- 
ence... describes new weld- 
ing methods used in current 
Defense Production. ..and 
discusses new electrodes: 
their properties and uses. 


SEND FOR your copy of 
Bulletin ARS5I-1, ‘Alloy 
Welding Electrodes for Defense 
Production,” today. 


ALLOY RODS COMPANY 


No Finer Electrodes Made 
(ok s Gum 22.8 Rees 6 ae | 


Anywhere 
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HOW MANY or tHese 9 OPEN-HEARTH HELPERS 
CAN YOU USE? 


T! 1k. open-hearth instruments shown above are used for 5. Roof Temperature Control speeds production by mak- 
four principal reasons . .. either to increase production, ing it safe and easy to hold furnace continuously at 
improve quality, save money, or give information which maximum temperature ; saves fuel and refractory, too, 


: ; ; 
helps in planning future improvements. : . . 

ps I > I Automatic Reversal Control often leads the parade 
: P =n ; ‘ for its combination of labor saving, checke 
Bath Temperature Recorder gives information which . vine 


; <2 fuel saving, and general process improvement 
helps increase production and. raise quality. Either 1" 1 


ee ee ee 


thermocouple or Rayotube types available. Bath . Fuel-air Ratio Control 


and related equipment is 
measurements are rapidly becoming standard prac exactly what's needed for high-production heating 


tice in progressive mills and foundries. 


speed and fuel efficiency when an open-hearth furnace 

burns a mixture of fuels, or switches fuels frequently 

lame Radiation Recorder is a fuel engineer's 

research tool. Gives facts not otherwise available. - Fuel Oil Temperature Control maintains correct vis 
cosity of oil and therefore helps maintain even burner 

Oxygen Recorder saves fuel by showing combustion action and correct combustion, 

efficiency . . . regardless of stage of process or type 


Fe nah ‘ é Waste-heat Boiler-temp Recorder gives information 
of fuel. An “advanced” instrument well worth investi- Ip : ee 
; He : for efficient combustion and proper boiler operation 
gation by qualified engineers. 
Send Coupon For Further Facts 


Furnace Pressure Control saves fuel by holding prod- 


ucts of combustion in furnace for proper time and by IN LEEDS & NORTHRUP CO 
helping smooth out the heating of checkers ; lengthens 4927 Stenton Ave., Phila. 44, Pa. 














refractory life by regulating air infiltration I 1 am interested in the items checked: 

| [] Both Temp. Rec. Roof Temp. Con. 
| [) Flame Rad. Rec Auto. Reversal 

| Oz in Flue Gas Fuel-Air Con. 

| Furnace Press. Con Fuel Temp. Con. 
| C) Waste-heat Temp. Rec 


LEEDS & NORTHRUP CO. 


Electrical Measuring Instruments Automatic Controls 


Telemeters Heat-Treating Furnaces 


Jrl Ad N-643(1) 
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The Fisher Induction Carbon apparatus is the modern self-contained 
unit for determining carbon in metals quickly and accurately. When 
used with the Gram-atic Balance, carbons may be determined every 
2'/2 minutes! 


4 press of the button starts a cycle which includes the automatic 
regulation of the flow of gas, the preheating and complete burning of 
the sample, and automatic shut-off. 

Interested in cooler laboratory, lower power consumption, greater 
Precision and accuracy, faster results—automatically? 


Write for details on the Fisher induction Carbon apparatus! 


™ 
| giSHER SCIENT 
717 Forbes St., 


Gentlemen: 
omp' 

Please send me ¢ 
Fisher Induction Carbon apporatus. 


1FIC COMPANY 
Pittsburgh 19, Pa. 


lete information about the 


NAME 


COMPANY 


Fill In Attached Coupon and MAIL IT TODAY! 
--} ADDRESS 
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Fort Knox, Kentucky 


esa) a i 





... more important than gold! 


The most important metal today is not 
the tons of gold buried at Ft. Knox! 

Far more important are the millions of tons of 
iron and steel scrap so desperately needed to 
make new steel. All scrap, actual and potential, 
needs to be gathered up and channeled to the 
steel producing plants-NOW, today, tomorrow 
and tomorrow. So long as the steel industry is 
called upon to produce two million and more 
tons of ingot steel per week, it must have one 


million and more tons of scrap each week. 

Steel producers are getting the iron ore, lime- 
stone and coal they need. But the scrap situa- 
tion is critical and will continue to be so until 
inventories are built up substantially. 

As a user of steel--as one interested in seeing 
that America’s rearmament program is not too 
little and too late--you can do your part to see 
that your community and your business keep 
scrap moving toward the mills. 


The Youngstown Sheet and Tube Company 
General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 
MANUFACTURERS OF CARBON ALLOY AND YOLOY STEELS 


> 
ndustry is using all its re 
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urces to produce more steel, but it needs your help and 
ir regular s I 


urces, at the earliest poss: 


, 
Die mon 











better measurement and control of 


eM ehtAl Uiile 


a 


unl 


the vast field of industrial temperature instrumentation, Foxboro 
be found in the greatest number of installations where complete 


bility and most economical fulfillment of optimum accuracy are 


if your process requires temperature measurement or control in 
fange between —350°F. and +2800°F., the high engineering 
ards and complete diversity of Foxboro Instruments . . . backed 


pro's unequaled application experience .. . offer you the way 
it most effectively. 


ATORS * RECORDERS * CONTROLLERS 
electronic and pressure-filled thermal systems 


ISSION SYSTEMS * CONTROLLED VALVES 


(OXBORC 


Reg. U. 5. Pat. Of. 
s, specialists in the measurement and contro! 
~ flow, liquid level, humidity .. . 


OMPANY * FOXBORO, MASSACHUSETTS, U.S.A. 





ee e 








Olsen 200,000 Ib. Electro-matic U.T.M. 
installed at Wayne University 


The Olsen tradition... 


testing is our business. 


Testing & Balancing Machines 


TINIUS OLSEN | 
TESTING MACHINE CO. 4 


2020 Easton Rd, Willow Grove, Pa 


2A eS J 
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The testing laboratory in the new Engineering Building 
at Wayne University in Detroit, Michigan, under the 
direction of Professor M. J. Lebow, is equipped with this 
200,000 lb. Electro-matic Universal. 

The four rotating screw design eliminated the expense 
of a pit. The null weighing system allows range changes 
at will during test; load is applied by thymatrol drive. 
Large easy-to-read multi-mask range selector dial, Olsen 
Electronic High Magnification recorder, and convenient 
push-button controls, are all incorporated in this rugged 
accurate machine. 

If you are responsible for physical testing equipment 
for industry or education, it will pay you to investigate 
thoroughly the complete line of testing machines by 
Tinius Olsen— 








ENCE thet 90** 
_, the expen’ ENGINEERING, 


MAHON FIRE-JET HEATING UNITS 


Above you see Mohon Fire-Jet Heating Units (Patent 
Applied For) installed on a solution tonk of the Cleaning 
and Rust Proofing Machine at Mullins Mfg. Corp. These 
modern Heating Units eliminate oll heat exchangers 
such as immersion tubes, steam coils, etc., and thereby 
simplify maintenance. Solution tanks are free from ob- 
structions ond cre easily cleaned. Mahon Fire-Jet Heat- 
ing Units, which have been in operation on many 
installations for over four years, have eliminated the dif- 
ficulties experienced with other solution heating devices. 


SYSTEMS 


... for ENAMELS * LACQUER + PAINT + VARNISH . 


iA — 


UST 
Wipe uses) oR 
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Units of Mahon Finishing System Housed on the Roof of Mullins Plont to Sove Floor Spoce 


Every Unit of YOUNGSTOWN KITCHENS Gets 
its LUSTROUS FINISH in MAHON EQUIPMENT! 


Wherever finish is a prime sales factor, there you will find Mahon 
Finishing Equipment. That is why the Mullins Manufacturing Corpora- 
tion, producers of Youngstown Kitchens and the Jet-Tower Dishwasher, 
rely on Mahon engineers to provide the modern finishing equipment 
to insure their products the finest finish obtainable. This is not an isolated 
cose ... a survey will reveal that more home appliances and more 
automobiles—.products where fine finish is imperative—are finished 
in Mahon Finishing Systems than all other types combined. In order to 
save floor space in the Mullins installation, the Finish Baking Oven, 
Oven Heating Units, Exhaust Fans, and Filtered Air Supply Systems for 
two Hydro-Filter Spray Booths (60 feet and 40 feet in length) were 
housed on the roof in an inclosure which is an integral part of the 
system. Metal Cleaning and Rust Proofing Equipment, Dry-Off Oven 
and Spray Booths are located on the third floor immediately below. 
lf you are contemplating new finishing equipment, you will find 
Mahon better qualified to advise you . . . experience in planning, 
engineering, building and installing thousands of finishing systems of 
every type and size, for virtually every industry, has endowed 
Mahon engineers with a wealth of technical knowledge and 
practical know-how not available to you elsewhere. See Sweet's 
Mechanical Industries File for information, or write for Catalog A-652. 


THE Qe. €. BAZOR COMPANY 
HOME OFFICE ond PLANT, Detroit 34, Mich. © WESTERN SALES DIVISION, Chicago 4, itt 


Engineers and Monufocturers of Complete Finishing System including Metal Cleaning ond Pickling 
Faquipment, Metal Cleaning ond Rust Proofing Equipment, Dry-Of Ovem, Mydro-Fijter Spray 
Booths, Filtered Aw Supply Systems, ond Drying and Boking Ovens, Core Ovem, Hydro- 
Foom Dust Collectors, Dust Traps, Fog-Filters, and other Units of Special Equipment 
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GROUNO and POLISHED STRESSPROOF 


The cable drum shaft of this Army truck winch was formerly made from 4140 alloy steel— 
cold-drawn, heat-treated, stress-relieved, ground, and polished. It was difficult to machine, and 
expensive. Several years ago this alloy bar was replaced with Ground and Polished 





STRESSPROOF at a considerable saving. Steel costs were substantially lowered—machining 

time was reduced. As a result, the over-all savings amounted to $50.00 for ev ery ton of steel used. 
This is typical of the sensational savings made possible with Ground and Polished 

STRESSPROOF —the finest ground bar steel produced. This bar eliminates 

many costly manufacturing operations because of its unique combination 

of five important qualities in the bar: High Strength... Excellent 

Wearability . .. Minimum Warpage... Accurate, Polished 

Surface... and Machinability fully 50°) faster than heat-treated 


alloys of the same hardness! STRESSP ROO 


1S PLAYING A VITAL ROLE 


IN NATIONAL DEFENSE! 
A very large proportion of 
STRESSPR¢ or produc- 
STEEL co. tion, today, is going into 
defense jobs. wh, 


1424 150th STREET, HAMMOND, INDIANA yh ag ga 
Manufacturers of the Most Complete Line of Cold-Finished 
and Ground and Polished Bars in America 
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ANACONDA 


COPPER and COPPER ALLOYS 








For twenty-four years, Ranco, Inc., Columbus, Ohio... 
world’s largest manufacturer of refrigeration and automobile 
heater controls, has made extensive use of Anaconda 
Copper, Brass and Bronze to build lasting dependability 
into its top-quality, low-cost units. 

In fabricating these parts, nothing takes the place of 
copper and its alloys for machining, forming, soldering and 
brazing. In this type of service, no other materials offer 
the combined advantage of high corrosion resistance, 
freedom from rust and high heat-transfer properties. 

Anaconda Metals, unsurpassed by any in the industry, 
are made by The American Brass Company, General Offices, 

faterbury 20, Connecticut. 


S2ee 





Die Pressed Forgings 
give Hoke, Inc., 
plenty to talk about... . 


If you've been using sand castings, or 
carving away a lot of metal to arrive at an 
unusual shape, listen to what Hoke, Inc., of 
Englewood, N.J. has to say about Anaconda 
Die Pressed Forgings. And this enthusiasm, 
incidentally, is tempered with experience, 
for Hoke has used hundreds of thousands of 
these forgings a year—for many years. 


@® “These forgings are solid, readily 
machined and dense-grained metal. Made 
from sections of extruded brass rod, they 
are ‘twice wrought’ and free of porosity 
(which is even more important in high 
vacuum than in high pressure service). 
® Their die-like dimensional accuracy 
eliminates filing and fussing to fit jigs 
and fixtures. 

@ The surface of these valve bodies is 
naturally smooth—and gives the finished 
valve that ‘precision product’ appearance 
it deserves. 





7 


et 


4 Economy ? Yes indeed! We sell some 
of these solid brass Hoke Valves, in 
quantity, for less than a dollar apiece!” 


~ 


Z 


Anaconda Die Pressed Forgings may be 
your answer to that elusive combination 
of high quality and low cost. Why not find 
out? Write for a copy of Publication B-9 
addressing The American Brass Company, 
General Offices, Waterbury 20, Connecticut. 


Designed for either pipeline in 
stallation or panelboard mount 
ing, the Hoke “On-Off” Toggle 
Valve can be used in series with 
sensitive throttle valves, and for 
high pressure or high vacuum 
service. Made of brass in 's”, 
‘4° and 49° sizes, they have been 
the answer to many flow-control 
problems 


ae DEPEND ON TWICE-WROUGHT | 
Anaconda Die Pressed Brass Forgings used j 5 ( ( i D 





a strated actua z or some of th 










by Hoke, Inc for its line of valves, gqaae 
Tee Madre i DIE PRESSED FORGINGS 
the same forging is used for several different ‘ 

style valve bodies. The brass toggle-handl« 
forging con be turned and threaded for 


color-coded plasti handles when desired 











MORE UNIVERSALLY USED THAN ANY OTHER 


Aluminum Heat Treating Method 


... solution heat treatment 2B 
or petal 


No other method 


can match . 
these efficiencies’ Cis “SS 


_*' = 


—S 


Solution heat treatment of lorge stempings. Tramreil hois! equipped with 
cage fixture transfers work from salt both (at right) to water quench and 
finatly to water rinse tonk. 


During World WarlIl, Ajax Electric Salt Bath Furnaces 
were used by virtually every leading aircraft compo- 
nent and equipment manufacturer for heat treating 
aluminum parts. 

More salt baths were used for aluminum solution heat 
treating than any other furnace type—and this same 
strong preference is equally evident in today’s defense 
production program. 

As proved in hundreds of installations, the Ajax Elec- 
tric Salt Bath offers outstanding advantages in this field 
—from heat treating rivets, gussets or short extrusions 
to large formed parts such as ribs, stretched skins or 
almost any other aircraft aluminum component. 

If it’s aluminum, the record proves it can be 
heat treated better, faster, more accurately and 
more efficiently the Ajax Salt Bath way! 





AJAX ELECTRIC COMPANY, INC. 


WORLD'S LARGEST MANUFACTURER OF ELECTRIC HEAT TREATING 
FURNACES EXCLUSIVELY 


910 Frankford Ave. Philadelphia 23, Pa. 
in Canada: Canadian General Electric Co., Ltd., Toronto, Ont. 


ELECTRIC tits care 
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YEARS OF CONTINUOUS USE WITH 
NO SIGN OF BREAKDOWN ... 
Years of human experience is adequate testimony 
that Copper Alloys effectively resist the destructive 





forces of time. Throughout the ages and especially 


today, Brass and Bronze Alloys coupled with skilful 
consistently prove themselves best 


craftsmanship . . . 
for applications involving continual use, constant strain 
and exposure to the elements. The Casting shown is a 





° . 
testimony of this fact. 
FREE . . . Write for your copy of the 8-page Lovingot Technical Journal — Vol. 8, No. 1 — 
containing on article discussing “Effects of Various Elements in Manganese Bronze.” 








Specify—LAVIN NONFERROUS INGOT—Quality 


LAVIN & SONS, INC. 
Bronze and Aluminum 


¢ Refiners of Brass, 
¢ Producers of Zinc Base Die Casting Alloys 





PRINC PAL 


3426 S. KEDZIE AVENUE~ e CHICAGO 23, ILLINOIS 
REPRE N CITIES 
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This is a Holcroft walking beam furnace (gas fired to 2000-2200 F) in which bors weighing 10-15 Ibs. each are heated prior to forming. 


“CARBOFRAX” work-rests 





outlast ALLOY 6 to 1 


MATERIAL REPAIRED REPLACED cost 








ALLOY Every Every , 
WORK-RESTS 14 weeks 446 months io J 


after 24 “a - 
10% much as 
“CARBOFRAX” None months. Completely “Carbotrax” 
WORK-RESTS required replaced — 36 work-rests. 























CARBOFRAX silicon carbide refractories are among the Complete replacement was required every 4-6 months 
hardest of man made products. Used for work-rests, skid When replaced with CARBOFRAX work-rests, NO 
rails or other furnace applications where abrasion is maintenance was required for two full years. Then, 
severe, they will almost always outperform metals. another 12 months uninterrupted service was obtained 
In this walking beam furnace, for example, the scal- with only 10% replacement. And the initial cost of the 
loped work-rests which support the bars were originally © CARBOFRAX rests was less than half the cost of the alloy! 
made of heat resisting alloy. These rests had to be re- Viewed in terms of reduced down time, labor savings, 
paired and straightened almost every week. And, of and over-all material savings, you can imagine the size- 
course, the furnace had to be shut down each time. able dividends these CARBOFRAX rests are paying. 


Use Super Refractories by 


CARBORUNDUM 


Trade Mark 


Dept. C-52, Refractories Div. The Carborundum Co., Perth Amboy, N. J. 


“Carborundum” and “Carbofrax” are registered trademarks which indicate manufacture by The Carborundum Combany. 
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ere’s a ready-to-operate DPi 
H high vacuum metallurgical 
furnace that's exactly what one 
manufacturer needed for his own 
special requirements—from the 
high vacuum pumping system that 
quickly draws vacuums on the 
order of 1 x 10° mm Hg, to the in- 
duction furnace itself complete 
with addition cup, bridge-break- 
ing rod, and sight window. 
In developing units of this kind, 
DPi draws on its own years of ex- 
perience in solving high vacuum 


2 
x 
2 
= 
a 
<7 
a 
2 
a 
nN 
: 
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a 
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For a high vacuum furnace 


problems, and calls in expert man- 
ufacturing experience for solving 
the metal-heating problems in- 
volved. If your particular need is 
different, we can usually come up 
with the right answer. 
Tilt-pouring, bottom-pouring, 
or interchangeable furnace assem- 
blies—we can give you what you 
need and still hold high vacuum. 
And experience has taught us the 
right answers to such problems as 
furnace insulation under vacuum, 
handling of volatile components 


Also . . . vitomins A and E . . . distilled monoglycerides . . 


+ more than 3500 Eastm 





as you like it 


of the melt, designing for trouble- 
free operation and ease of main- 
tenance. 

If your interest runs to high 
vacuum furnaces, or to any other 
high vacuum applications, we will 
welcome an opportunity to talk 
with you. Just write or phone 
Distillation Products Industries, 
Vacuum Equipment Department, 
753 Ridge Road West, Rochester 
3, N. Y. (Division of Eastman 
Kodak Company). 
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Is for science and industry 





Rex® High Speed Steels 
Peerless Hot Work Steels 
Holcomb 218 

Chro-Mow © 

Sanderson Carbon Tool Steels 
Ketos © 

Airkool Die Steel 

Airdi® 150 

Nu-Die V Die Casting Steel 
CSM 2 Mold Stee! 

La Belle® Silicon #2 
Atha Pneu 


tool steel 
special pride | 


Just as mother was known for a special dish, so Crucible stands for 
the finest in tool steel. For a half-century we have enjoyed this repu- 
tation. Naturally, we are proud of it. 

We are keeping our research and development in step with in- 
dustry’s everchanging needs for tool steel. We are offering you the 
benefits of our metallurgical service to solve unusual problems. And 
we are maintaining full stocks in conveniently-located warehouses 
so you can get prompt delivery of tool steel. 

SEND TODAY for the unique Crucible Tool Steel Selector—a 


twist of the dial gives the tool steel for your application. 


SPECIFY 

YOUR TOOL STEELS 
BY 

THESE 

BRAND NAMES 


Crucible Steel Company of America 
Dept. MP, Chrysler Building, New York 17, N. Y. 





9” diameter, 
3-colors 


/CRUCIBLE| first name in special purpose steels 








52 years of | Fone | stoobmaking TOOL STEELS 


CRUCIBLE STEEL COMPANY OF AMERICA + FOOL STEEL SALES + SYRACUSE, N. Y 
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THE HUNT FOR elusive 


Molecule of Tetraethyl Lead 
C = carbon; H = hydrogen 


The discovery of the effectiveness of 
tetraethyl lead — the anti-knock agent 
in gasoline — is a saga of that peculiar 
ordeal of orderly brainwork and in- 
spired gambling known as “try-it-and- 
see research.” It involved the ex- 
ploration of an unknown field fora 
property previously unrecognized. 

In the early days of the automo- 
bile, the way to higher horse power 
and better fuel economies was barred 
by the bugbear of knock. A long re- 
search program, initiated by Charles 
Kettering and successfully pursued by 
the late Thomas Midgley, Jr., began 
with the effort to learn something 
about fuel knock, which was supposed 
to be caused by preignition. Just be- 
fore World War I, Midgley’s experi- 
ments yielded this important item of 
information: Fuel knock is the audible 
result of a violent pressure disturb- 
ance in the engine cylinder after ig- 
nition by the spark. 

Speculating then on why kerosene 
knocks worse than gasoline, it was 
reasoned that the difference might be 
due to volatility, which varies with 
temperature. Recalling that the trailing 
arbutus, with its red-backed leaves, 
blooms even under snow, it was theo- 
rized that if kerosene could be dyed 
red it might absorb more heat which 
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would increase its volatility and reduce 


iodine which made the kerosene red 
and did reduce its knocking. This for- 
tunate experiment, which later proved 
to have been based on an untenable 
theory, nevertheless proved that pow- 


“a 


sheet of thy! lead facture. 

finel reaction moy be represented by 
equation: 

4PbNo+4CHsCl = Pb(C Hs), +4NoC! + 3Pb 











Detonation-influencing effects of ethyl com- 
pounds of 3 of elements. Results plotted 
os ontik effect against atomic number. 

















effective — not to mention the fact that 
lead would also be far more desir- 
able because of its relative abundance 
and lower cost. The record to date has 
borne out that prediction and permit- 
ted the use of higher compression 
ratio engines, which furnish more 
power yet consume less fuel. 

With the discovery and use of tetra- 
ethyl lead, a great era of automotive 
prog was ushered in, and the aver- 
age car owner today runs his auto on 
a far better grade of gasoline than 
Lindbergh had to fly the Atlantic. 





| st.sosepu | FAD) co. 


250 PARK AVENUE, NEW YORK 17 


THE LARGEST PRODUCER OF LEAD 
IN THE UNITED STATES 





“Solved Our 
Problem Nicely... ove UAVS 


Champion De Arment Tool Go. 


“We use our Westinghouse shaker hearth furnace for bright hardening. 
Flexibility in design gives the operator an instant choice between either a 
salt (austempering) or oil bath quench. The furnace has resulted in a 300% 
per man-hour increase in production, and enables us to produce a uniform 
high-quality product without rejects. All cleaning costs of the finished product 
are eliminated,” reports Champion De Arment Tool Co., Meadville, Penna. 

“There were two very important reasons for our selection of a Westinghouse 
furnace. First, we felt Westinghouse engineering know-how was the best we 
could obtain; second, service is important, and Westinghouse gives it. We 
wanted Westinghouse Endogas® control of decarburization, as well as 
austempering and oil quenches. We had a specific problem, and Westinghouse 
engineers solved it nicely.” 

Gas-fired or electric, there’s a Westinghouse furnace to meet every heat- 
treating need. Get the facts from your Westinghouse representative. Write 
today for new 40-page book, B-5459, “Harnessing Heat”, Westinghouse 
Electric Corporation, Industrial Heating Department, Meadville, Penna. 

}-10378 


IF YOUR PRODUCT CALLS FOR 
HEAT-TREATING ... IT CALLS 

FOR A WESTINGHOUSE FURNACE... 
GAS OR ELECTRIC 


HEAT-TREATING FURNACES 
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What’s the best 
block insulation for 








The most widely used 


high temperature block insulation 
for over a quarter century... 





SUPEREX® high tempera- 
ture block insulation has long been in- 
dustry’s No. 1 choice for service tem- 
peratures up to 1900F. It provides major 
economies . . . reduces fuel costs, cuts 
heat losses, keeps maintenance expense 
down, costs less to install and has long 
service life. 

These are the reasons why 90% of 
the nation’s hot blast stoves are Superex 
insulated . .. and why the low cost open 
hearth steel producers use Superex in 
their regenerators. 

Made of specially selected and cal- 
cined diatomaceous silica blended with 
other insulating materials and bonded 
with asbestos fiber, Superex will safely 
withstand temperatures up to 1900F with 
negligible shrinkage. 

Superex has been used with outstand- 
ing success in all types of industrial and 
metallurgical furnaces and ovens, sta- 
tionary and marine boilers, auxiliary 
power plant equipment, regenerators, 


JOM NS MANVILLE 





kilns, roasters, high temperature mains, 
flues and stacks. 


Superex has all these 
important advantages... 


Low thermal conductivity — Exceptionally 
high heat resistance (1900F) combined 
with excellent insulating value. 


Light weight — Approximately 2 lb per sq 
ft per in thickness. 


Great physical strength— Approximately 6 
tons pressure per sq ft are required to 
compress Superex ‘% in. 


Long, efficient service life—Superex main- 
tains high insulating value indefinitely— 
will not disintegrate in the service for 
which it is recommended. 


Fast, easy application—Superex may be cut 
with an ordinary knife or saw for fitting 
around openings or to irregular surfaces. 
Because of its light weight and convenient 
sizes, Superex assures fast and economical 
installations. 





—am 
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For complete information about Superex 
block insulation, write for Brochure 
IN-134A. Address Johns-Manville, Box 
60,¢ New York 16, N. Y. In Canada, 
write 199 Bay Street, Toronto 1, Ontario. 


Waste is minimized with Superex because of the variety 
of thicknesses available. Special shapes and intermediate 
thicknesses between those shown are also available. 





Johns-Manville fell INSULATIONS 





Steel veins for iron horses 


Steel veins for iron horses—strong, durable 
veins easily forged and fabricated to exact 
requirements—this is but one of the many 
applications for Ostuco Tubing in products of 
modern design, products that strengthen 
America and the free world. 

Ostuco Tubing presents endless opportuni- 
ties for improving design in almost every field. 
In addition toinfinite adaptability, Ostuco 


From Your Blueprint to Your 


Tubing offers such advantages as maximum 
strength with minimum weight, good surface 
conditions for finishing, excellent machinabil- 
ity, and low cost. We cannot always promise 
early delivery estimates on new civilian orders, 
because of military demands, but it will pay 
you to consult our experienced engineers about 
Ostuco Tubing when redesigning your prod- 
ucts to meet future competition. 


THE CHICO SEAMLESS TUBE COMPANY 


Monviacturers and Foebriceters of Seamless and Electric Welded Steel Tubing 





Product 
OSTU C0 TU B | 7 G Plant ond General Offices: SHELBY, OHIO 


SALES OFFICES: Birmingham, P. O. Box 2021 * Chicago, Civic Opera Bidg., 20 N. Wocker Dr. 
Cleveland, 1328 Citizens Bidg. * Dayton, 511 Salem Ave. * Detroit, 520 Eight Mile Rood, 
Ferndale * Houston, 6833 Avenve W, Central Pork * Los Angeles, Svite 300-170 So. Beverly 
Drive, Beverly Hills Moline, 617 15th St. * New York, 70 East 45th St. * Philadelphia, 
1613 Packard Bidg., 15th & Chestnut * Pittsburgh, 1206 Pinewood Drive * St. Lowis, 1230 
North Moin Seattle, 3104 Smith Tower * Syrocuse, 501 Roberts Ave. * Tulse, 733 Ken- 
nedy Bidg. * Wichita, 622 E. Third St. * Canodion Representative: Railway & Power Corp., Lid. 


MAY 1952; PAGE 57 





---A SIZE TO FIT EVERY NEED 
-»eTO MEET SPECIFICATIONS 


Measurement is only one type of precision in Midvale rings. The 
steel for every ring is made by Midvale—physical properties are 
precisely maintained throughout every step. The shaping and heat 
Pressure Vessels treating of Midvale rings are done by “old-hands”—craftsmen with 
Forgings ond Rings years of experience who precisely machine and test with the most 
modern metal working and scientific equipment. 
Hardened and Result—rings precision-made in every detail . . . rings that stand 
Ground Stes Gols the severest abrasive, crushing and grinding action called for 
Corrosion and Heat by industry. 
Resisting Castings Whatever your needs for heavy equipment in industry Midvale 
Ordnance and can assure you of precision and performance. Whether it is roll 
Armor shells for the mining and cement industry . . . pressure vessels for 
the chemical and petroleum industries . . . rolls for the paper 
industry . . . rings for turbines and gears . . . or castings and forg- 
ings for any industry . . . Midvale can make them to your most 
exacting specifications. 


THE MIDVALE COMPANY 


NICETOWN, PHILADELPHIA, PENNA. 
OFFICES: NEW YORK + CHICAGO + 
WASHINGTON + CLEVELAND + SAN FRANCISCO 


WwYDS TVA = 


Custom Steel Maken To 9. 


PRODUCERS OF FORGINGS, ROLLS, RINGS, CORROSION AND HEAT RESISTING CASTINGS 


METAL PROGRESS; PAGE 58 








Alloy savings 


PAY FOR AJAX-NORTHRUP FURNACES 


in three years 


Induction melting saves tons of ferro- 
chrome a month in one east coast stainless 
steel foundry ...metal that was previously 
“burned up" in other electric furnaces. 

With a three shift monthly melting 
capacity of 1,000,000 pounds, a 2% 
reduction in chromium losses made the 
difference. Dollar savings up to $60,000 
@ year are enough to pay for the equip- 
ment in a year and a half—three years on 
a reduced schedule. 

This is only the beginning—savings in 
other critical and expensive alloys are 
also appreciable. Here are typical metal 
recovery figures from another Ajax- 
Northrup foundry melting 18-8 stainless: 


Ni: 100% Cr: 99% Ma: 90% 
Si: 94% Mo: 95% Cb: 92% 


Besides saving metals, Ajax-Northrup fur- 
naces melt at high speed, with extremely 
close control of analysis and temperature. 
A typical foundry, with never more than 
one 600-pound furnace in operation on 
a two shift basis, pours almost 250,000 
pounds of high-melting point alloys d 
month. Pouring temperatures are con- 
trolled within 20°F, composition of every 
element within 0.25% 

Performance like this can save critical 
alloys for you, too. Whether you melt 8 
ounces of platinum, or,8 tons of steel, 
write us today. 


SEND FOR NEW INDUCTION 
HEATING AND MELTING BULLETIN 


, | ELECTROTHERMIC 
oe Vinnie ae CORPORATION 


AJAX ELECTRIC FURNACE CORPORATION PAR 
AJAX ELECTRIC COMPANY, INC. AJAX K 


AJAX ENGINEERING CORPORATION TRENTON 5, NEW JERSEY 
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Separating Stainle Serap Use 
this chart to quickly segregate 
Stainless steel scrap for salvage 

thus making the scrap more 
usable for industry, and increas- 
ing its value to you 


3 





“Unscrambling’” Mixed Stainless 
Stocks: The chart can help you 
save time getting Stainless 
stocks in order and reduce the 
danger of your men using the 
wrong Stainless for the job. 


Preventing Trouble On The Job: Vt there is 
reasonable doubt as to the identity of the 
steel, use the chart before starting a job to 
double-check the type of Stainless to pre- 
vent troubles that could be caused by 


wrong treatment in fabrication 


It is assumed that the operator making the tests described 


in this Identification Chart will 


are useful in separating various Stainless types that 
show marked differences in their chemical and physical 


properties. 
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have some technical 
knowledge of the various alloys involved. The tests are 
not designed to supplant chemical analysis, but they 


* 
* 


NEW Identification Chart 
Helps Stainless Steel Users 3 Ways... 


| & user of Stainless steels will find this 


new Carpenter Identification Chart can save time, 


money and shop headaches by providing a quick 
method for identifying Stainless steels. The chart 
tells how to prepare the samples then dia- 
grams and explains fully how to use each of eleven 
different tests for identifying various Stainless 
types. Typical reactions are given for the nitric 
acid, magnet, spark, hardness, muriatic acid, 
sulphur spot, nickel spot and stabilization tests 
Measuring 11"’ x 22"’, the chart is convenient to 
use right on the testing table. Carpenter offers 
this handy chart free to Stainless steel users. No 
obligation . . . just drop us a line on your Company 
letterhead. THE CARPENTER STEEL CO., 
133 W. Bern St., Reading, Pa. 


(arpen ter & 
STAINLESS. STEEL 


takes the problems out of production 





WHERE HIGH PRODUCTION, RIGID CONTROL COUNT MOST 


Electric Heaters ; 


a —— 
425 KW Capacity Witte wit 
" { 


High Volume, High 
Temperature Fans 


Hydraulically 
Operated Elevator 


Hydraulically 
Operated Doors 


DESPATCH 


Quick Quench 


ALUMINUM HEAT TREATING FURNACE 


Fills the Need Best 


Bottom Entry 


A large Eastern Aircraft plant is meeting high 
production schedules and rigid Government 
aircraft specifications day after day with this 
Despatch bottom entry, quick quench furnace 
on the solution heat treating of aluminum and 
aluminum alloy shapes. 

Operating range of the furnace is from 212° 
F. to 1250° F. with a uniformity of plus or minus 
5° F. Heating equipment is of sufficient capacity 
to bring a 750 Ib. aluminum work load, plus a 
1000 Ib. steel rack, both at room temperature, 
to 920° F. in 20 minutes when furnace is loaded 
at operating temperature. 

Hydraulically operated furnace doors and 
elevator are interlocked and automatically con- 
trolled from a push button station. They provide 
for rapid movement of the load to the quench 


FIFTIETH ANNIVERSARY 


tank. Speed of quench is considerably less than 
10 seconds. 

Furnace is heated with 425 KW capacity 
nichrome, rod type electric heaters mounted 
along each side wall and protected by suitable 
radiation shields. Two high volume, high tem- 
perature air circulating fans assure rapid transfer 
of heat to parts being processed. 


BE PREPARED FOR 
GREATER DEFENSE PRODUCTION 


For fifty years DESPATCH has pioneered and 
engineered better, more economical heat treating 
equipment for leading metal processors throughout 
the country. Be prepared for greater defense pro- 
duction tomorrow by installing DESPATCH engineered 
equipment TODAY. Resident engineers located in 
your vicinity are ready to study your situation and 
help you with your heat treating problems. 


WRITE TO DEPT. P FOR MORE INFORMATION 


MINNEAPOLIS OFFICE: CHICAGO OFFICE: 
619 S. E. 8th Street 4554 N. Broadway 
Soles Offices in all Principal Cities 





DESPATCH 
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Super Density is a Rare bird 


UNRETOUCHED PHOTOGRAPH OF 
ALUMINUM DIE CASTING 
CROSS SECTION, ACTUAL SIZE 


... Common to a LESTER 


Here again is an example of how expert die casting technique, intelligent die design 
and a Lester machine make super-dense aluminum die casting possible. The part is 
an element of a hydraulic bumper jack, cast by Morton Manufacturing Company, 
in Omaha, Nebraska, on an early model HP-1-C. 
As you can see, the wall thickness ranges from about 3/32” to over 3/8”. Besides, the 
part was required to withstand 4000 pounds of test pressure—and there have been less 
than 2% rejects! Skillful die design and gating, and proper cooling of die and core 
allow the job to be run at the rate of 120 shots per hour. 
Interested in what a Lester-Phoenix Die Casting Machine can do for » 


you? Write Lester-Phoenix or the representative in your area listed [¥ 
below. 


Write for your free copy of the Lester Press. 


a ESTER-PHOENIX DIE CASTING MACHINES 


REPRESENTATIVES FOREIGN 


New York Steven F. Krould Cincinnati Index Machinery Corp. Toronto, Canada Modern Tool Works, Ltd 
Detroit Thoreson-MecCosh Les Angeles Seaboard Machinery Co. — oe .-Dowding & Doll, Ltd. 
Chicago J. J. Schmidt San Francisco J. Fraser Rae alcutta, India Francis Klein & Co., Ltd 


Sydney, Australia Scott & Holladay, Ltd. 
Cleveland Don Williams St. Leuis, Milwaukee A. B. Geers Japan, New York W. M. Howitt, Inc 


distributed by LESTER-PHOENIX, INC., 2619 CHURCH AVENUE . CLEVELAND 14, OHIO 
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The steel that jet-propels a truck 


—* a day last spring, one truck driver 
JF alter another blinked in amazement 
as a large red truck barrelled along a west- 


ern highway. The reason: a pair of uncom- 


monly large exhaust stacks jutting up beside 


the cab, but a complete absence of the cus- 
tomary “pop-pop” from a diesel truck en- 
gine. It was the first truck in the world to 
be powered by a gas turbine engine! 

Stull in the trial-run stage, this Kenworth 
truck’s Boeing gas turbine engine promises 
tremendous benefits to truck operators. Its 
weight is only one-tenth that of the stand- 


ard diesel engine now used for heavy-duty 


service. It occ upies 60% less space. It gives 
faster pick-up and less noise. 

One big problem which had long stood in 
the way of developing gas turbines like this 
was the | of a satisfactory steel for the 
turbine’s wheel discs. These wheels, heart of 
the engine, must spin as fast as 36,000 rpm 
—and in an inferno of hot gases that would 
reduce ordinary steels to a semi-molten state. 

But metallurgists of The Timken Roller 
Bearing Company had the answer all ready 
for the engine manufacturer. It was “16-25- 
6”°—an alloy developed by The Timken 
Company that had been proved in jet air- 


YEARS AHEAD—THROUGH EXPERIENCE AND RESEARCH 


COPR. 1952 THE TIMKEN ROLLER BEARING COMPANY 


plane engines and recently used in large, 
Stationary gas turbines Recommended by 
the Timken Company for the Boeing tur- 
bine wheel discs, 16-25-6" did the job— 
retained its strength at 1500°F., withstood 
all the terrific forces involved. 

It’s one more problem that can be stamped 
*Solved—by Timken Alloy Steel”. Why 
not let us help with your steel problem? 
Write The Timken Roller Bearing Com- 
pany, Steel and Tube Division, Canton 6, 
Ohio. Cable address: “TIMROSCO”. Ta- 
pered Roller Bearings, Alloy Steels and 
Seamless Tubing, Removable Rock Bits 
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Know ini) facts about 
| IW 


laboratory 


t i 
_ 
lectric furnaces eee”. 
onstruction of laboratory © eo 


the « struc 


“a. el| furnaces? 


aes ie 





: ata 26paGe 


booklet brings you 
authoritative data on 
* ) s high temperature 
| cee furnaces... 


easy-to-use diagrams, charts, tables 


Cae A 


Get your free copy Norton FORM 458, “The Construction Company, 322 New Bond St., Worcester 
of this fact-filled Norton booklet today. of Electric Furnaces for the Labora- 6, Mass. Canadian Representative: A. P. 


Find out now how you can put electric tory.” Simply write direct to Norton Green Fire Brick Co., Ltd., Toronto, Ont. 
furnaces to work for you...in the 


analytical, chemical or research labora- hain eteecechastedemhtotes stead 
tory. Learn the facts on the three basic 
types of laboratory furnaces . . . how to 
construct them. Use the many diagrams, WNOR TON 
charts, tables as basic guides in con- 

structing furnaces that are scientifically 
accurate. 


Read about the special characteristics Special REFRA CTORIES 
of Norton ALUNDUM?* and CRYS- 
TOLON* refractories used in these Making better products fo make other products better 
furnaces... how and why they help 
you get better results over a longer 


period of time. Plan to get your copy of NORTON COMPANY, WORCESTER 6, MASS. 


| shows how to build 
f / / | | a \\ \ them...contains practical, 
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*Luigi Galvani— 
1732-1798. Famous 
physicist who discov- 
ered the process of 
generating electricity 
chemically. Father of 


Galvanizing process. 


Inland’s new continuous 
galvanizing line... the 
longest in the U.S. A. 


Fed into this new galvanizing line, 
cold-rolled strip is flame-cleaned, annealed 
and galvanized. It emerges a full city block 
away, cut to length or coiled. 

Galvanized steel sheets produced on this 
line under the patented Sendzimer process, 
and bearing Inland’s trade mark, TI-CO, 
have no brittle iron-zinc layer like ordinary 
galvanized sheets. That’s why TI-CO 
can be severely formed without flaking or 
peeling. And TI-CO’s bright, smooth 
surface increases sales acceptance of 
products fabricated from it. 

This new galvanizing line is another of 
the improved steel-making facilities that help 
Inland to produce better quality steels in 
record-breaking quantities. 


INLAND STEEL COMPANY 
38 S. Dearborn St. * Chicago 3, Illinois 





By Hiram Brown, Company Chief Metallurgist, Solar Aircraft Co., Des Moines, lowa 


N THE FABRICATION of many of the newer 

high-temperature alloys — as with almost 
any new material — certain problems are en- 
countered which were not anticipated from 
the results of chemical analysis or tensile 
tests. The laboratory may use all of the tests 
at its command and still not foresee the diffi- 
culties that may crop up in production. If a 
correlation between laboratory and produc- 
tion results does exist, it may simply be un- 
recognized or not properly evaluated. 

The purpose of this article will be to cite 
several case studies of such circumstances 
encountered in the early stages of fabricating 
N-155 alloy. The author would like to make 
it clearly understood that the troubles to 
be described should not be interpreted as 
indicating that such alloys are unsuited for 
service. The very attributes that make alloys 
resistant to heat and corrosion may be the 
same properties that cause fabricating diffi- 
culties. Most of the problems can be solved 
by technical skill, or due allowance can be 
made in design of the parts. The investiga- 
tions were conducted in a factory laboratory 
and should not be regarded as research. 
Properly conducted research will undoubt- 
edly answer the why of the problems, where- 
as these investigations served only to tell 
what happened and how corrections or allow- 
ances can be made. 

N-155 alloy is a rather complex corrosion 
and heat resistant alloy with the following 
composition: 
Carbon 
Nickel 
Chromium 
Cobalt 
Molybdenum 
Tungsten 
Columbium plus 

titanium 
Manganese 
Phosphorus 
Sulphur 


0.08 to 0.16% 
19.00 to 21.00 
20.00 to 22.50 
18.50 to 21.00 

2.50 to 3.50 

2.00 to 3.00 


0.75 to 1.25 

1.00 to 2.00 

0.040 max. 

0.030 max. 

Nitrogen 0.10 to 0.20 

Silicon 1.00 max. 

Iron Remainder (about 30% ) 


Room-temperature physical properties in 
sheet form are as shown alongside. 

Since the standards for jet engine and 
gas turbine parts are very tight, thorough 
“receiving inspection” is necessary. In early 
experiences, surface roughness was quite a 
problem. Descaling left a deep scale pattern 
on the sheets. The roughness was sometimes 


so severe that it caused difficulty in resist- 
ance welding, especially with ro'l seam welds, 
where continuous, uniform contact could 
not be maintained between sheet and welding 
wheel. Improvement in mill practice over- 
came this difficulty. 

Surface Defects that may be found in 
any of the high-temperature alloys are lami- 
nations or slivers and blisters (Fig. 1). Both 
appear to be closely related and are caused 
by the fact that defective metal did not heal 


Some Problems 
the Fabricat 
of N-155 Al 


or weld itself together in subsequent rolling. 
Such surface defects are stress raisers and 
points of weakness which may lead to failure 
during forming or in service. 

A dishpan-shaped part 28 in. in diameter, 
3% in. deep and 0.063 in. thick is shown in 
Fig. 2. It was drawn from a flat blank on a 
hydraulic press. While most of these parts 
were satisfactory after the first draw, some 
had large cracks easily visible to the naked 
eye, while others had small cracks visible 
only after fluorescent penetrant inspection 
or after close examination with a low-power 
magnifying glass. These cracks usually oc- 
curred in the area marked in the photograph. 
Both large and small cracks would burst 
wide open in the second stage of drawing. 

Most of the large cracks were found to 


Physical Properties of N-155 


55,000 to 70,000 psi. 
100,000 to 140,000 psi. 
40.0% min. 


Yield strength 
Tensile strength 
Elongation in 2 in. 
V-block bend 
Less than 0.050 in. thick 
0.050 in. and over 
Free bend (wrap around) 
Less than 0.050 in. 
0.050 in. and over 


135° over 1t* 
135° over 2t 


180° over It 
180° over 2t 


*Thickness or diameter 
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Surface Defects in N-155 


be associated with laminations, 
slivers or blisters. The smaller 
cracks occurred much more fre- 
quently, but careful macroscopic 
and microscopic examination failed 
to indicate any defect normally 
associated with a failure of this 
sort. Tensile specimens taken from 
the parent material and the defec- 
tive parts showed normal properties 
and there was no indication of 
preferential or directional proper- 
ties in either longitudinal or trans- 
verse specimens. The surface ap- 
peared to be clean and free from 
excess pitting or scale pattern. Many 
blanks were examined with magni- 
fying glass, X-ray, and Zyglo before 
forming, but no significant external 
or internal defects were found. 

To test whether the forming 


operation was too severe, parts were 


yartially ‘awn, om ¢ sale § a ; y . 

I ‘ tia ly Gra - the n annealed 15 Fig. 2 Dishpan-Shaped Part, 28 In. Diameter, 
min. at 2150° F., rapidly cooled, and With Small Crack of Obscure Origin in Upstand- 
then drawn to completion. Cracking ing Edge, Which Appeared After Second Draw 
still occurred. Varying the hold- 


down pressure of the press brought about no im- the entire cross section, were higher on the 
provement. Deburring blanks to remove possible fibers near the surface and this caused rup- 
stress raisers before drawing did not help. 


ture of the thin section of metal above the 
The same parts were successfully formed of stringer. While a stringer of this type would 

Type 347 stainless steel with the exception of those not normally lead to rupture in an 18-8 steel, 

made from a heat which had previously been re- repeated examination of defective N-155 

jected because of excessive stringers in the metal. parts indicated that these stringers were 

This suggested a close re-examination of the micro- associated with cracking. Other drawing or 

structure of cracked N-155 parts. A typical crack forming operations on N-155 did not result 

is shown in Fig. 3. In general the metal was very in cracking. 

clean. However, almost all cracks had one common It was decided that this alloy must be 

characteristic, namely, small stringers extending more notch-sensitive than the 18-8 stainless 

from the ruptured area. Stringers lying 

near the surface had the effect of dividing 

the metal into two thicknesses. The 

stresses imposed during drawing, instead 

of being transmitted uniformly across 


Fig. 1 — Slivers and Subsurface Blisters Must 
Be Watched for in All High-Temperature 
Sheet. If not eliminated before forming they 
may act as dangerous stress raisers. 65 x 
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Steels, but a suitable method of inspection 
prior to forming was not found. It was de- 
cided, therefore, that the small percentage 
of parts having the defects would have to be 
accepted as a normal loss for forming this 
particular part from this particular alloy. 
Cracks Alongside Welds — Certain units 
required tubing of N-155 alloy, some of 
which was purchased bent into segments of 
curves. Many of the segments had cracks 
extending longitudinally along the outer 
surface. Microscopic examination indicated 
that the cracks had occurred at elevated 
temperature. Their maximum depth was 
0.018 in. Typical cracks are shown in Fig. 4. 
To see whether this condition could be 
duplicated, straight N-155 tubing visually 
free of surface defects was heated to various 
temperatures, soaked 10 min. at temperature, 


removed from the furnace and quickly flat- 
tened in a vise with asbestos-covered jaws. 
Specimens were flattened at room tempera- 
ture, 1200°F., and at every 100° interval 
1500 and 2100°F. Time between 
removal from furnace and flattening was 5 
to 10 sec. At room temperature and 1200° F. 
the tubing flattened satisfactorily except 
for slight cracking on the inside diameter. 
Samples flattened between 1500 and 2100° F. 
cracked on the outside of the bend. Figure 5 
shows the bend of the specimen flattened at 
1500° F. 

It was determined from the supplier of 
the defective part shown in Fig. 4 that the 
tubing had been heated to aid bending, and 
although the temperature was not recorded, 
it was probably within the 1500 to 2100° F. 
range. 


between 


The supplier was warned to be very 
careful about heating this type of tubing. 
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Fig. 4 — Crack in Outer Surface 
of N-155 Tubing Welded and 
Then Bent Into Definite Curva- 
ture. Crack shown was in part 
as received from supplier. 100 x 


Fig. 3— Subsurface Crack and 
Stringer in Otherwise Very Clean 
Metal After First Draw to Dish- 
pan Shape of Fig. 2. Surface 
layer would crack in second 
draw as result of defect. 65 x 


Fig. 5 — Crack in Extreme Bend 

in N-155 Tube Which Had Been 

Flattened at 1500°F. 100 x 
- : 7 
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Cracks Close to Welds 


The results obtained from these flattening 
tests, together with further experience with 
the dishpan-shaped parts mentioned above, 
suggested that alloy N-155 is brittle in some 
range below 2150°F. To verify this suppo- 
sition, a load of 11 of the dishpan-shaped 
parts was placed in a cold annealing furnace, 
and brought to 2150° F. as rapidly as possible. 
A short time before temperature was reached 
a series of sounds like rifle shots came from 
the furnace! When the load was removed 
10 of the 11 parts were cracked wide open. 
Subsequent loads of similar parts placed in 
the hot furnace at 2150° F. showed no tend- 
ency toward this cracking. The conclusion 
was that since stresses are finite and their 
relief requires measurable periods of time, 
the stresses were trying to relieve themselves 
while the metal was in a range where there 
was not enough ductility, so immediate relief 
occurred by cracking. When similar pieces 
were placed in a hot furnace, the parts were 
heated through this brittle zone very rapidly, 
and stress relief then occurred in hot metal 
that had ample ductility for redistribution 
of the stress. 

Some verification of this interpretation 
was provided by experiences with shielded- 
are welding. Small transverse cracks ap- 
peared in the parent metal, at times in. 

away from the weld. Under the microscope they 
appeared as roughly straight lines (Fig. 6), typical 
of stress cracks in that they were transcrystalline. 
They appeared to have been caused by a high stress 
in hot metal with little or no ductility 
at the fracture. Microscopic examina- 


When parts were welded without clamping, 
no cracking occurred. The entire welding 
setup was changed, and no cracking has 
since been reported. 

Check Tests for Ductility —- Another 
problem which arose was the disparity in 
results of physical tests certified by the ven- 
dor and duplicate check tests made in our 
laboratory. In most instances our elongation 
values were low, 70% of them falling below 
the 40% specification minimum, whereas the 
vendor’s tests showed a comfortable margin 
above 40% (see Table I). The vendor 
worked with our laboratory in making com- 
parative tests on material from the same 
heats and even from the same sheets. Both 
used the same basic test specimen for sheet 
metal called for by A.S.T.M. Specification 
E8-46. Still results did not agree. 

The vendor pointed out that this material 
work hardens very rapidly, and that if speci- 


Table I — Variations in Elongation in 2 In. 
of N-155 Test Specimens 





HEAT PurcHaser Tests* | VENbor Testst 


M57 36.5% 50.0% 
M75 35.5 52.0 
M77 39.0 52.0 
M89 49.5 51.0 
M100 39.0 54.0 
M108 40.5 47.5 
M113 44.0 

K2769 35.5 

K2904 34.5 

K2955 35.0 











* Average of three tests. *Average of two tests. 


Fig. 6 — Cracks in Parent Metal Near Weld, 


tion showed four distinct zones: (a) in Zone Which Was Moderately Heated. 100 x 


the weld, (b) normal heat-affected area, 
(c) intermediate heat-affected area, and 
(d) parent sheet metal. The cracks in- 
variably appeared in the third zone. 
Numerous changes in welding tech- 


niques, speed, gas flow, type of gas, 
and other variables failed to prevent 
cracking. <A_ series of special tests 
showed that cracking apparently oc- 


curred only when stress was present 
during welding. In the automatic setup 
used, stress was caused by clamping 
the parts. The fact that the cracks 
occurred only in an area where tem- 
perature was lower than welding heat 
again pointed to the effect of stress 
when the metal passes through a brittle 
range existing at moderate temperature. 
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mens are prepared by the same machining 
methods used for stainless steels, then some 
residual work hardening remains and tends 
to lower the elongation values. It was sug- 
gested that approximately ,; in. be left in 
excess after machining and that this be re- 
moved by grinding and polishing parallel to 
the length of specimen. The recommended 
method of preparation is as follows: 
Whenever possible, samples should be 
taken transverse to direction of rolling. They 
are sheared to approximately % x9 in., and 
a box fixture is used to hold the sample 
while it is ground to size. (Milling or shap- 
ing may give erratic test results because of 
cold working.) This fixture consists of a 
rectangular frame mounted in a rectangular 
base held together by setscrews. Samples are 
placed on edge in the fixture with sufficient 


Check Tests for Ductility 


of the fixture is inverted and the process re- 
peated except that the samples are surfaced 
to the finished width. 

To rough out the reduced test section, 
the strips are clamped in C-clamps, tapped 
flush, and the complete assembly held with 
a vise on a grinding table. Grinding is done 
perpendicular to the longitudinal axis of the 
strip with a wheel at least as fine as 38 grit. 
Enough stock is left to finish by grinding 
parallel to the longitudinal axis. All cross- 
grind marks are removed. 

The entire edge is polished with an emery- 
covered buffing wheel (approximately 90 
grit). The sharp edges of the specimen are 
slightly rounded using a 120-grit seamless 
belt on a belt surfacer. 


backstrips to fill the box. These are locked 
in place with setscrews through the side of 
the top rectangle. The strips are tapped 
down flush with the bottom before locking. 
The edges are then surfaced on a cylindrical 
grinder until they are even. The top part 


Two heats previously tested were pre- 

pared in this manner and then tested. Heat 
M77 showed an elongation of 44.5% as compared 
to 39.0% in our first test and 52.0% by the vendor. 
The value for Heat K2904 was 38.0% as compared 
to 34.5 and 41.0% respectively. These tests showed 
that the new method of 
preparation did give improved 
properties but there was still 
a large variation between re- 
Pulled 0.5 in. per min. to fracture* | - . 50.0 sults of purchaser and vendor. 
Pulled 0.05 in. to yield and then To check possible differ- 
0.10 in. to fracturet 51.0 51.0 51.0 ences in testing machines and 
Pulled 0.05 in. per min. to fracture 52.5 50.0 55.5 preparation techniques, sam- 
Pulled 0.05 in. to yield and then te ; ples from a third heat of N-155 

0.5 in. to fracture 48.0 | 47.0 49.5 ; ‘ =. : 

were shipped to our San Diego 
laboratory for testing, and re- 


Table Il — Elongation in 2 In. With Varied Testing Speeds 





| Heat M78 | Heat M79 | Heat M89 


Pe TG Ot 











*Purchaser’s original tests. +Vendor’s original tests. 


sults showed close agreement. 


a ee 


Table It! — Effect of Pulling Speed* and Sheet Thickness 


Two samples prepared and 
on Tensile Results of N-155 Sheet 


tested in Des Moines averaged 





45.5%, two samples from the 
same sheet prepared in Des 
Moines and tested in San Diego 
averaged 43.5%, while two 
more prepared and tested in 
San Diego gave an elongation 
value of 44.5%. 

We then found that while 
we were testing at the usual 
pulling speed for stainless steel 
of 0.5 in. per min. to fracture, 
the vendor was pulling at the 
speed of 0.05 in. per min. to 
yield and then 0.10 in. per min. 
to rupture. 

Tests to determine the 
effect of variations in testing 
speed are shown in Table II. 


PERCENTAGE ELONGATION * 


Heat | THICKNESS DIFFERENCE 


0.075 IN. PER MIN. 0.5 IN. per MIN. 


M130 0.049 in. 53.0 47.5 5.5 
M126 0.065 57.0 50.0 7.0 
M130 0.065 54.5 48.5 6.0 
M132 0.065 52.5 48.5 
M135 0.065 55.0 49.0 
M136 0.065 53.0 48.0 
M138 0.065 52.0 47.0 
M130 0.078 52.0 46.0 
M138 0.078 50.0 47.5 
M128 0.095 52.0 46.5 5.5 
M137 0.130 47.0 45.0 2.0 
M138 0.130 50.0 46.0 4.0 
M135 0.134 50.0 46.0 | 4.0 











* All samples pulled 0.05 in. per min. to yield, then either 0.075 or 
0.5 in. per min., as indicated, from yield to fracture. 
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Variations in Heat Treatment 


Specimens M78 and M79, pulled slowly after 
yield strength had been passed, had from 3 
to 4.5% percentage points more elongation 
than those pulled rapidly after yield. 

Table III shows how results obtained by 
varying pulling speed are affected by thick- 
ness of the sheet. The effect of pulling speed 
decreases as thickness increases and is only 
half as great for 0.130-in. material as for 
0.049-in. A standard pulling speed of 0.5 in. 
per min. after yield was therefore established 
between purchaser and vendor, and little 
difference in their results has since been 
experienced. The faster pulling speed was 
adopted because it is commercially more 
practical than the 0.05-in.-per-min. rate. 
The speed after yield of specified offset is 
reached appears to be the important factor. 

Differences in elongation were also ex- 
perienced with material from another vendor. 
While not as severe as those described above, 
they did result in several instances where 
our tests were marginal. Investigation showed 
that while pulling speeds were the same, 
the mill was using *4-in. specimens whereas 
the standard width is 4% in. The vendor had 
been accustomed to testing heavier gage 
material, and the %4-in. width had never 
given trouble on stainless steels. We made 
tests on both widths and found that the 
wider specimens showed elongations as much 
as 2 to 5 percentage points higher. The mill 
therefore agreed to use 4-in. specimens. 


Critical Point 


Heat Treatment 
sensitive to variations in heat treatment and 
pickling than Types 321 and 347 stainless 
and many other aircraft materials. 


N-155 alloy is more 


Further- 
more, degree of sensitivity varies markedly 
from one heat of N-155 to another. Standard 
solution heat treat temperature is 2150° F. 
Ductility decreases if the material is heat 
treated at 1950° F., and is still lower if heat 
treated at 1800° F. If sheet is heat treated at 
2150° F., ductility increases but little as time 
at temperature is increased above 10 min. 
As with many other high-temperature alloys, 
slow cooling sensitizes the alloy and makes 
it subject to attack by acids. Stacking of 
parts, therefore, should be avoided, since 
dead air spaces would retard cooling. 
Summary — Thus, we see that alloy N-155 
resembles other high-temperature alloys in 
many respects but also has many individual 
traits which must be considered. It is rather 
stiff and unyielding; surface smoothness and 
subsurface soundness are especially impor- 
tant, since irregularities and defects are sure 
to give trouble through their action as stress 
raisers. N-155 apparently has a temperature 
range (not exactly known to this author) at 
which it is especially brittle, and cracks in 
that range can be caused by such minor 
stresses as induced by clamping fixtures. 
Check tensile tests made by vendor and 
purchaser may show wide variations in duc- 
tility unless the cross-head speed after the 
yield point is passed (in the range of plastic 
flow) is carefully controlled. i} 





BY THE 


EDITOR 


Cold Extrusion of Steel 
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\XTRUSION of bars and tubes, as ordinarily 
4 understood by metallurgists, is performed 
by very husky hydraulic presses. A round 
billet of metal, warmed part way to forging 
heat, is placed in a snugly fitting cylinder 
and a ram forces metal out through a prop- 
erly formed opening in the other end. Con- 
ventionally, this process of “forward extru- 
sion” is applied to rather soft metals; lead 
is formed into cable sheath; aluminum into 


i= 


Shell at Heintz Mfg. Co. 


moldings, tubing and structural shapes; cop- 
per and brass into rods. But as for steel 
and cold steel at that 


else again. 


that’s something 
Where would a press be found 
big enough; what alloys would be strong 
enough for cylinder and dies? 

Nevertheless, reports of wartime experi- 
ments in Germany led the U. S. Army Ord- 
nance Corps to institute exploratory work at 
Heintz Mfg. Co. in Philadelphia, under gen- 





eral technical supervision of C. C. Fawcett, 
head of Pitman-Dunn Laboratory of Frank- 
ford Arsenal. Such satisfactory results were 
achieved that both the Army and Navy have 
established facilities now ready to manufac- 
ture explosive heads for conventional shells 
and for rockets. It turns out that, after all, 
mechanical presses of moderate power are 
strong enough, because pressures in the 
neighborhood of 100 tons per sq.in. are 
enough for of cold steel 
Punches and dies 
high-carbon steel or oil 
heat treated C-60 hard. 
Extrusion is done cold. According to F. J. 
Whitney, Jr., technical assistant to the works 
manager, the (which, after all, is 
no secret) is a coating which deforms with 
the work and prevents metal-to-metal con- 
tact, seizure on tools, and scoring of work. 
This coating and associated lubricant were 
described by Adolph Bregman in the Decem- 
ber 1951 issue of Metal Progress. 

Rocket heads carry an explosive charge; 
they have thick walls and fuses in their 
The starting point of one manufac- 
turing method is a hot rolled round of plain 
carbon steel with excellent surface, mill an- 
nealed. It is considerably larger in diam- 
eter than the completed projectile. Rounds 
are sawed into slugs about as long as their 
diameter, and edges deburred. Each is 
weighed; tolerance is about 1% plus or 
minus (although this figure obviously is set 


“forward extrusion” 
of low carbon content. 
are of ordinary 
hardening toolsteel, 


“secret” 


noses. 


accurately following application of statisti- 
cal control to the manufacture). Next the 
slugs go through a series of tanks wherein 
scale or rust is removed and the special 
coating and lubricant applied. 


The first press operation in extruding a 
rocket head is very similar to the one shown 
in the photograph in December Metal Prog- 
ress —namely, to dimple one end of the 
slug. This depression centers the punch for 
the next operation; the blank is also sized as 
it expands slightly to a close fit in the die. 

After a stress relieving anneal comes 
the next operation, a combined backward 
and forward extrusion. A cup-like die is 
mounted on the fixed bed of the press to 
receive the slug, and a round-nosed punch 
is forced down into the upper surface. Steel 
flows up through the annular channel be- 
tween punch and die, and the bottom of the 
stroke leaves the correct thickness at the 
bottom of the shell. As the punch retracts, 
a knockout in the die bottom ejects the 
piece. The central cavity is of correct diam- 
eter, but the wall is considerably thicker 
than it will eventually be. 

(Here is one feature of cold extrusion 
which conventional cartridge case manufac- 
ture, for example, cannot match. The latter 
starts with a flat disk, which is cupped as 
a first operation. The bottom of the cup 
equals the original thickness of the disk; 
the walls of the cup can be drawn down to 
very thin section, but they cannot be much 
thicker than the original disk. In cold ex- 
trusion, thick-walled cups can easily be 
made, and the bottom can be any thickness 
desired in relation to the other dimensions.) 

That’s about all there is to it! The cup 
is given a process anneal, pickled, and lubri- 
cated and it is ready for the next operation. 
This is a conventional draw, wherein the 
cup is forced through a die of the same 
diameter as the finished shell, stretching its 
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Shell Extrusion 


length and reducing the wall thickness cor- 
respondingly. A coining die then gives the 
base end its proper contour, and finally a 
conical die tapers the upper part into a 
correct nose. Size and contour, both inside 
and out, are so accurate that the only ma- 
chining necessary is cutting threads at the 
nose and base. 

In cold extrusion very large reductions 
of area can be safely endured before process 
annealing is necessary. The final surface is 
smooth and porcelanic in appearance. A 
notable economy, as compared to forging, 
is that there is practically no waste. Saw 


chips and stub ends amount to about 4% 
on mill-run lengths, and this figure is much 
less on small diameter stock which can be 
accurately and cleanly sheared. Accuracy 
in extruded and coined shapes is also of 
major importance; saving in machining 
operations may be of more value than the 
saving in metal. 

Furthermore, the metal in the extruded 
shell has very desirable ballistic properties 
which, in hot forged projectiles, would re- 
quire considerable alloy and expensive heat 
treatments. Those made at Heintz Mfg. Co. 
from soft steel are cold worked sufficiently 
for the walls to have a high yield point — 
no heat treatment, no alloy! 


By Wm. L. Frankhouser (now with Kuhns Bros. Co., Dayton, Ohio) and G. NH. Emmanuel 


Research Department, The Babcock & Wilcox Co., Tubular Products Division, Beaver Falls, Pa. 


INCE NO isothermal transformation data 
S were available for two chromium-iron 
alloys of considerable use, especially for 
seamless tubing for high-temperature service 
in the petroleum, chemical and power indus- 
tries, sufficient work was performed in 1950 
in the research department of the Babcock 
& Wilcox Co., Tubular Products Division, to 
construct time-temperature-transformation 


TTT-Diagrams 
for 7 and 9% 
Chromium Steels 


diagrams. This type of information can be 
related to heat treatment, general fabricating 
and welding, particularly in reference to the 
hardenability of the steels. 

The two steels are sold by our company 
under the names Croloy 7 and Croloy 9 re- 
spectively, and manufactured in accordance 
with grades P-16 and P-17 of A.S.T.M. 


specification A158-48T. Chemical analyses 
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of the particular heats used in this investi- 
gation and the specification limits are as 
shown in Table I. 

It may be noticed that the silicon in the 
9% Cr steel is slightly below specification. 
In the interest of tubing of good surface and 
soundness, the Babcock & Wilcox Co. has 
reserved the right to melt to a silicon speci- 
fication of 1.00% max. Small cubes, 4 in. 
on edge, were machined from %4-in. hot rolled 
rounds. During heating and quenching the 
cubes were handled in a wire cage, as shown 
in Fig. 1. 

Experimental Routine for each sample 
normally consisted of five steps: 

1. Austenitization at 1860° F. 

2. Quench in high-temperature bath. 

3. Hold for predetermined time. 

4. Quench to room temperature. 

5. Examine micrographically. 

Austenitization was accomplished in a 
high-temperature electric muffle furnace 
maintained at 1860 + 10°F. For 40 min. the 
assembly of Fig. 1 lay on the furnace re- 
fractory. Following this homogenizing treat- 
ment, the holder was removed with a pair of 
crucible tongs and quickly (within 1 or 2 
sec.) plunged into an isothermally controlled 
lead or salt bath for austenitic transforma- 
tion. The bath was molten lead at tempera- 
tures above 1000° F., and a Houghton neutral 
salt for lower-temperature transformations. 

During sojourn in either of these baths, 





the specimen itself was maintained at a con- 
stant level adjacent to an immersion ther- 
mocouple, by slipping the hook over a rod 
extending horizontally across the top of the 
bath. This arrangement, with the aid of an 
automatic temperature controller, made it 
possible to keep specimen temperature con- 
stant to within +5° F. of the indicated values. 
Following the final quench, the 
cubes were ground deeply on one 
side, and examined under the micro- 
scope. Only the beginning and the 
ending of transformation were de- 
termined; no attempt was made to 
approximate percentage of decom- 
position or to segregate different 
‘arbide phases. 
The time-temperature-transfor- 
mation curves were therefore con- 
structed on the basis that they rep- 
resent the transformation of stable 
austenite that is, of a complete 
solution of the carbide phases. The 
temperature of 1860°F. was deter- 
mined to be about the lowest tem- 
perature at which all of the carbide 
could be put in solution within 30 
min. This short period of heating 
considerably reduced the total time 
required for most of the tests. It 
is doubtful whether an 
extended stay at 1840° F. 
for establishing the ut- 
most homogeneity in the 
austenitic solid 
would 


Fig. 
18-gage alumel 
solution 
measurably 
displaced the curves on the resulting dia- 
grams. Results for the 9% chromium steel 
are given in the data sheet, p. 96-B. 


have 


DIAGRAM FOR 9°C CHROMIUM STEEL 
Since the 9% chromium steel was studied 
first, it will be given priority here, and the 
tests on the 7% chromium steel noted 
later only as they differed. 
Even a rough determination of the 


1— Wire Hook 

Handling %-In. Cubes. 
thermocouple 
and the hook is made of 12-gage 18-8 


Constructing the Curves 


mation, whichever was thought to be closer. 

If the curves at various places are closer to 

one containing arrow than the other, the 

final location was swayed by microscopic 
evidence. 

Several representative microstructures 

are shown on the data sheet, at 

400 and 1000 x, after etching with 

Vilella’s reagent. A typical trans- 

formation above the “nose” of the 

curves is shown in the 

above the diagram. 


sequence 
A micro (not 
shown) of a sample held 1 hr. 37 
min. at 1400° F. and then quenched 
gave a fully martensitic structure. 
In the one held 2 hr. 20 min., how- 
ever, transformation has just begun, 
as indicated by the small patches of 
clear ferrite which were nucleated 
at the intersections of austenitic 
grains. The next structure, held 
3 hr. 10 min. and then quenched, 
consists of larger patches of ferrite 
in which the initial carbide has 
already precipitated. Finally, the 
fully transformed structure of car- 
bides in a ferritic matrix is realized 
in the last of the 
held 5 hr. 44 min. 

The transformation 
at 1240° F., on the lower 
side of the 


series; it was 


and Cage for 

The cage is 
wire, nose of the 
curves, was slightly dif- 
ferent. The structure 
after 1 hr. 7 min. at 1240°F. 
provides evidence that transformation has 
already commenced. At this temperature, 
however, a carbide phase is precipitated in the 
small ferritic patches almost as soon as the 
ferrite is formed. After 5 hr. 33 min., broad 
bands of the carbide phase had been depos- 
ited within and between the almost obscured 


quenched 


Table I — Analyses of Steels 





beginning and ending of transformation 
at several temperatures required a con- 


siderable number of tests. Each arrow- 


7% Cr STEEL 


ELEMENT 


SPECIFICATION | HEAT | SPECIFICATION 


9% Cr STEEL 


HEAT 


Carbon 
Manganese 
Sulphur 
Phosphorus 
Silicon 
Chromium 
Nickel 
Molybdenum 


0.15 max. 

0.30 to 0.60 
0.030 max. 
0.030 max. 
0.50 to 1.00 
6.00 to 8.00 


0.12 
0.53 
0.036 
0.015 
0.55 
7.50 
| 0.07 - 
| 0.45 | 0.90 to 1.00 


0.12 
0.50 
0.017 
0.013 
0.45 
8.40 

| 0.28 

| 0.96 


0.15 max. 
0.30 to 0.60 
0.030 max. 
0.030 max. 
0.50 to 1.00 
8.00 to 10.00 


head in the data sheet represents one 
of these isothermal treatments. The 
points are located at the coordinate 
intersections of time and temperature 
for a particular test, and the arrows 
are turned toward the time representing 
either beginning or ending of transfor- 


0.45 to 0.65 
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Martensite Points 


patches of ferrite, while the remainder of the 
structure appears essentially unchanged. The 
fully transformed structure of ferrite and 
carbides is quite analogous to the structure 
fully transformed at 1400°F. Evidently, in 
the last stages of isothermal transformation 
at 1240° F., much diffusion and coalescence 
of the carbide has taken place, in addition 
to the transformation of the remainder of the 
Note that the two micros on the 
data sheet representing structures partially 
transformed at 1240° F. are at 1000 x. 
Similarity of fully transformed micro- 


austenite. 


structure is responsible for similar hardness 
of samples completely transformed. Vickers 
pyramid hardness (5-kg. load) is as noted 
on the corresponding temperature levels in 
the data sheet. Since the steel transforms 
to a spheroidal rather than lamellar carbide 
form, the hardness variation is not great. 
The factor of carbide plate spacing, which 
would greatly affect hardness in a medium 
carbon, lower alloy steel, is nonexistent. 

Well below the nose of the curve, at 
1100° F., a grain boundary carbide phase is 
first to precipitate, as shown in the four 
micros at the bottom of the data sheet, page 
96-B. The progressive build-up of this con- 
stituent is shown in the second structure 
without any visual evidence of ferrite for- 
mation until transformation has proceeded 
at 1100° F. for at least 5 days. In Fig. 2 the 
grain boundary precipitate is resolved at 
higher magnification to reveal the existence 
of individual carbide particles. In the time 
interval represented between 5 and 7 days 
the remainder of the background has trans- 
formed to ferrite (and possibly iron carbide), 
and within 25 days the original bands of 
carbide have been dissipated throughout the 
ferrite, presumably by diffusion and coales- 
cence of the carbide particles. 

This latter phenomenon caused us to put 
the two dashed lines in the TTT-diagram 
denoting the end of transformation between 
1080 and 1220° F. The first line to be reached 
probably indicates complete austenite break- 
down, but not until the second line is reached 
has the band-like carbide structure been 
randomly dispersed. 

As the temperature of isothermal trans- 
formation was lowered through and below 
the nose of the curves, it was evident that 
the initial carbide precipitation occurred 
progressively earlier in the transformation 
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process relative to the first appearance of 
ferrite. This suggests that the heavy carbide 
bands of Fig. 2 consist of chromium carbides. 
As temperature is lowered below the nose, 
austenite transforms to ferrite and iron car- 
bide more sluggishly, and probably the solu- 
bility of chromium carbide in austenite is 
decreased, resulting in the observed order of 
precipitation. 

Another corroboration for this assump- 
tion can be found in the fact that the areas 
immediately surrounding the heavy carbide 
precipitate in Fig. 2 dark 


were stained 


Fig. 2 9% Cr Steel Isothermally Trans- 
formed at 1100° F. for 5 Days, 1 Hr. 1500 x, 
Etched With Vilella’s Reagent. Dark-etching 
carbide particles, in great numbers (possibly 
chromium carbides) at boundaries of origi- 
nal austenitic grains. Some ferrite within 
body of grain (quenched to martensite) 
(brown) during etching. This would suggest 
a local depletion of chromium in that region 
of the metal, and such depletion would be 
expected if the particles actually were chro- 
mium carbides. 


MARTENSITE POINTS 


For investigating the range for the 
austenite > martensite transformation, the 
austenitized quickly trans- 
ferred from the 1860° F. furnace into a salt 


samples were 


bath at a chosen temperature and held there 
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Fig. 3 Martensitic Range for 9% Cr Steel 


for 1 min. Although martensite forms in- 
stantaneously, the 1-min. hold equalized tem- 
perature throughout the specimen. 

The small cubes were then transferred 
to molten lead at 1250°F. to temper the 
martensite previously formed at the lower 
temperatures. After 15 min. of tempering, 
the specimens were quenched in water to 
room temperature in order to transform the 
remainder of the austenite to nontempered 
martensite. Thus, the amount of tempered 
present in the microstructure 
gives a direct indication of the percentage of 
austenite that was transformed on the origi- 
nal quench. 


martensite 


Percentages of tempered martensite in 


the various samples were estimated by four 


or five persons. The actual M, and M, values 
were then taken as the intercepts of the curve 
drawn through these points in + ig. 3. 

Verification of the accepted idea that 
martensite forms on falling temperature and 
does not form isothermally is given in Fig. 4. 
Both of these specimens were quenched ini- 
tially to 705° F.; one was held for 1 min. and 
the other for 2 hr. Since there is no appre- 
ciable difference in the structures, it can be 
assumed that no additional transformation 
proceeded isothermally in that time interval. 
Indeed, none would be expected at that tem- 
perature until the time reached an extension 
of the TTT-curve. 


EFFECT OF AUSTENITIZING TEMPERATURE 


While the previously described work was 
done on samples austenitized at 1860° F., 
and provided a stable, single-phase micro- 
constituent, commercial normalizing of Cro- 
loy 9 is usually accomplished by heating to 


1775° 


775° F., and annealing of heavy-wall tubing 


Austenitizing Temperature Vs. Time 


1550° F. for 3 hr. 
Some additional tests were therefore made to 
determine the effect of various austenitizing 
temperatures on the time for isothermal 
transformation at the nose of the original 
curve. 


by holding initially at 


A series of small samples (Fig. 1) 
was therefore quenched to 1300°F., the 
“nose” of the TTT-diagram, and time in 
seconds for beginning and ending of trans- 
formation was determined: 
AUSTENITIZING 
TEMPERATURE TIME 
1860 40 min. 3500 
1775 1 hr. 800 
1550 3 hr. <50 


ENDS 

13,400 
62502 
30002 


BEGINS 


Two effects of lowering the austenitizing 
temperature can be seen.. First, the nuclea- 
tion time for transformation to begin is 
decreased, and secondly the time for com- 
pletion is decreased. Certainly it can be said 
that the hardenability of 9° Cr steel de- 
creases quite drastically if relatively low 
normalizing temperatures are employed. 

The commercial annealing temperature 
of 1550° F. was thought to be below the Ac, 
temperature of our experimental material 
(the highest temperature at which alpha fer- 
rite can exist as a separate phase during 
heating), since results of dilatometric tests in 
another company’s laboratory. gave the fol- 
lowing results for a steel of about the same 
analysis as shown in Table I except that 
manganese was rather high (1.05%). 

Ac, 1510° F. 
Ac, 1590 
Ar, 1430 
Ar, 1330 


Fig. 4 Structure of 9% Cr Steel, Quenched at 
705° F. for 1 Min. and 2 Hr. Respectively. No 
growth of martensite occurred in that time. 
Etched in HCl and HNO, in alcohol. 500 x 
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TRANSFORMATION AT 1300° F. 


teen tA i hgh os 

Fig. 5 Ferrite and Particles Fig. 6 Partially Austenitized Fig. 7 Heterogeneity in Ferrite 
of Undissolved Carbides in at 1550°F., Transformed 50 Disappears and Carbide Particles 
9% Cr Steel Water Quenched Sec. at 1300°F. Note duplex Appear After 1000 Sec. at 1300°F. 
After Holding 3 Hr. at 1550° F. structure of clear ferrite grains All 1000 x; etched in Vilella’s reagent 


Heating rate was 250° F. per hr. and cooling Since no isothermal transformation was in- 
rate 50° per hr. This suspicion was con- volved in this process, the ferrite present 
firmed by the appearance of the microstruc- must be a pro-eutectoid constituent which is 
ture of rapidly quenched and of isothermally stable at the “austenitizing” temperature. 


transformed specimens. Quenching from 1775 and 1860° F. — temper- 

Ferrite and carbides in a martensitic atures that are within the fully austenitic 
matrix are shown in Fig. 5 after quenching field — results in a ferrite-free structure con- 
directly to room temperature from 1550° F. sisting of martensite and carbides. 


If, following attempted 
Fig. 8— TTT-Curve for 7% Cr Steel Austenitized 40 Min. een ry a 
at 1860° F. Grain size 4 to 5. Note that left-hand ordinate isothermal transformation 
is 100 sec., whereas in the data sheet it is 1000 sec. were allowed to proceed at 
1300° F. for a short time 
prior to water quenching, 
the resulting structure 
should consist of pro-eutec- 
toid ferrite, isothermally 
transformed ferrite, mar- 
tensite and the high-temper- 
ature carbides. Figure 6 
typifies this combination. 
Notice the dual etching effect 
on the ferrite grains. It is 
contended that the center, 
slower-etching portion of 
wedionties | M,. 765°F Untranstormed Austenite ney a varie penny 
Si Be ee ee = Partially Transtormed ap 6% _ 
Completely Transformed faster-etching, outer portion 
is the product of isothermal 
+| Mp:525°F | /hr [Day Week transformation. 
iP oO 4 103 708 For some reason, the 
Gueneds pro-eutectoid ferrite is more 








_—- 


4 See Fig.9; D.PH. 15! 
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Fig. 9— Structure of 7% Cr Steel 
Completely Transformed at 1400° F. 
Diamond pyramid hardness 151. 
Etched with Vilella’s reagent. 1000 x 


resistant to etching attack than freshly trans- 
formed ferrite. Microscopic chemical hetero- 
geneity in the original as-forged structure 
might be responsible for this condition. Thus, 
on heating, the more highly alloyed portions 
would be the most sluggish to react and so 
remain as the pro-eutectoid constituent. 

Figure 7 shows that after isothermal 
transformation has proceeded for longer 
periods, differentiation between the adja- 
cent previously distinct areas of ferrite is 
lost. Evidently, high rates of diffusion at 
1300° F. cause gradual homogenization; 
after 16.7 min. at 1300° F., the dual etching 
effect almost completely disappears. 


« 


7% CHROMIUM STEEL 


Small squares, 4 in. on side, were cut 
from 1-in. by ‘%-in. strip and handled in 
fixture of Fig. 1. Isothermal transforma- 
tion at times and temperatures shown by 
circles in Fig. 8 resulted in structures very 
similar to the corresponding ones in the 
9% chromium steel shown in the data 
sheet, except that the fully transformed 
structures at and above the nose of the 
curve — 1300° F. and higher — consist of 
carbides, partly spheroidized but partly 


Transformation Temperature, °F 


Differences for 7% Cr Steel 


very fine lamellar (Fig. 9). At 1100°F. no 
ferrite was detectabie in the microstructure 
until transformation was complete; as with 
the 9% Cr steel the first product to appear 
at the grain boundaries is a_ sorbitic-like 
aggregation of carbide and ferrite, hardly 
resolvable at 1000 x except at its borders. 

Martensite Range — Microscopic exami- 
nation was incapable of distinguishing be- 
tween martensite formed isothermally and 
the portion formed on subsequent cooling to 
room temperature. The small samples were 
therefore quenched from 1860°F. into salt 
baths of appropriate temperatures, held 1 
min., placed in a tempering bath at 1200° F., 
held 15 min., and water quenched. This work 
was done by our associate, D. N. Frey (now 
with Ford Motor Co.). 

If the initial quenching bath were above 
the M,, then a sample undergoing this se- 
quence of operations would consist of 100% 
hard martensite; while if the initial quench 
temperature were below the M,, then a sample 
so treated would be 100% tempered (soft) 
martensite. Samples initially quenched into 
the martensite transformation range would 
be expected to have intermediate hardnesses. 

The curve in Fig. 10 illustrates the re- 
sults. The slight rise in hardness as the 
initial quenching temperature approaches M, 
over that noted after a direct quench to room 
temperature is not readily explainable. Per- 
haps there is a difference in the mode of 
nucleation of the martensite reaction at tem- 
peratures close to the M,. (—) 


Fig. 10—Hardness of Samples Iso- 
thermally Transformed Into Martensite 
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rue Economics of a proficient technology 
[ prevent the ready acceptance of a new 
or even a considerable variation 
until its use- 


technique 
in an established technique 
fulness is proved and its range of application 
clearly defined. However, when such evi- 
dence is established, the technique is usually 
quickly taken up by American industry. This 
has happened with 60-cycle heating for forg- 
ing of nonferrous metals, according to B. E. 
McArthur of Magnethermic Corp., in his talk 


Advances in 


Induction Heating 


before the American Institute of Electrical 
Engineers’ conference on induction and di- 
electric heating held in Cleveland in March. 
He said that more than 80% of the heating 
units for the extrusion of aluminum installed 
during the past three years have used low- 
cycle heating. 

Advantages of using 60-cycle power, 
direct from the supply lines, include elimi- 
nation of the motor generator (an expensive 
piece of equipment) and the ability to main- 
tain power density at a higher level than 
when higher frequencies are employed. The 
latter shortens the heating times and conse- 
Other 
favorable factors are the small heating zone 
which permits accurate temperature control, 
and compact equipment which fits well into 
any plant layout. 


quently increases production rates. 


The first major application of this method 
was by Aluminum Co. of America, which 
placed into operation 24 units each capable 
of heating 2000 Ib. per hr. Each unit con- 
sisted of an induction coil, transformer and 
a main contactor. They were of the single- 
phase type and were connected to alternate 
phases to provide a more balanced load on 
the three-phase power system. 

A three-phase heating unit was developed 
by the Magnethermic Corp. in 1948 for 
smaller plants where only one or two units 
were needed. This design eliminates the un- 
balanced electrical load by employing three 
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Reported by John Parina, Jr., Associate Editor of Metal Progress 


individual induction sections, each being 
supplied by a separate single-phase trans- 
former connected to one phase of the supply 
line. Taps in the transformer primary adjust 
the input to each induction coil to control 
the heating rate and to heat billets shorter 
than full coil length. 

Taper Heating-- An important modifi- 
cation in heating techniques is the ability 
to induce a tapered temperature pattern by 
these three-phase units. Inasmuch as an 
aluminum billet picks up heat due to the 
work of extrusion, a significant temperature 
difference is developed between the two ends 
of the extruded 


heated uniformly. 


piece when the billet is 
Poor surface and poor 
mechanical properties can result from such a 
temperature build-up. However, by setting 
the transformer taps for correct input to each 
coil section, the desired temperature gradient 
can be imparted. Obviously heating and ex- 
trusion must be nicely coordinated; if there 
is any delay in getting the hot billet into the 
extrusion press the temperature will become 
more uniform due to the high conductivity 
of aluminum. 

Sizes of units range from one capable of 
heating 9 or I1-in. diameter billets 36 in. 
long to 850° F. at a rate of 6000 Ib. per hr. 
Temperature is measured by a thermocouple 
located on the billet stop in the front of the 
coil, the power being turned off automatically 
when the billet reaches temperature. Billets 
are loaded into the heating coil by a pneu- 
matic feeding device. 

An induction heater such as shown in 
the accompanying view has a coil long 
enough to accommodate four forging billets 
13 in. long and 8 in. diameter, the billets 
moving progressively through the coil fast 
enough to heat one piece every 30 sec. At 
another installation, this one at an aircraft 
plant, 1000 aluminum slugs, 2 in. diameter 
and 1 in. long, are heated every hour. 

Although these examples describe heat- 
ing units for aluminum, similar heaters have 
also been built for magnesium, copper, brass 
and silver. 

One of the problems in applying 60-cycle 
heating cited by Mr. McArthur is to obtain 
the proper relationship between power input, 
pounds per hour to be heated, the number 
of billets per hour, and the number of 
induction coils. The “depth of penetration 
layer” (or the outer layer of metal where 





heat is generated) limits the rate of power 
that may be fed into a billet. This heat 
flows to the center of the piece by conduc- 
tion; therefore, longer times are necessary 
for large diameters and consequently more 
than one coil may be needed to heat enough 
billets to meet production requirements. As 
a rule-of-thumb, approximately 8 Ib. of alu- 
minum can be heated to a temperature of 
850° F. per kw-hr. input to the coil. 


INDUCTION HEATING 
PRANSMISSION GEAR FORGINGS 


At this same conference, R. C. Walter de- 
scribed the induction heaters at Chevrolet- 
Saginaw transmission plant for the forging 
of transmission gears. Most components for 
Chevrolet's synchromesh transmissions are 
made here. The installation consists of a 
central station for generating 3000-cycle 
power, and heaters located at eight forging 
presses and upsetters. S.A.E. 5145 bar stock, 
ranging from 1%, to 2 in. diameter, is forged 
into the five gears and the mainshaft of the 
transmission unit. Heating times are from 


Nonferrous Metals and Steel Gears 


9 to 99 sec., the heated portions being from 
3%, to 16% in. long. 

At the heating station for idler gears 
bars are loaded into four heating coils. The 
operator has a bar in each of the heating 
coils at various stages of heating while the 
fifth bar is being forged. This maintains a 
constant flow of hot metal to the upsetter 
After the gear has been forged and the 
punch-out nubbin has been sheared off, the 
bar is returned for reheating however, 
2 in. of the original 10 in. of the heated end 
remains on the bar. The problem of residual 


heat of the re-run bar is overcome by using 


taper-wound coils to induce an even heat 
on the re-runs. To assure that the new bars 
are evenly heated, they are first placed about 
5 in. into the coil for 25 sec. and then pushed 


to the regular heating location and left in 
the coil for the same length of time as the 
re-run bars. 


There is also a variation in the heating 


Induction Heater Capable of Heating 8-In. Round of 
Aluminum, 13 In, Long, to Forging Temperature in 
30 Sec. Capacitors mounted in racks on top of unit 
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Induction Heating Equipment 


of billets for the countergear. Two coils are 
used; the first heats the cold billet rapidiy 
to a surface temperature of 2200° F., after 
which the bar is automatically ejected from 
ihe preheat chamber and fed into the soaking 
coil where the entire section is brought up 
to temperature. 

Some of the advantages of this equipment 
mentioned by Mr. Walter are: (a/ Increased 
output; management can set a production 
rate paced to the maximum productivity of 
the forging equipment. The operator no 
A 64° 


increase was realized on one of the forging 


longer controls the forging process. 


operations; the average for the six was about 
Ho. 
have reduced manpower requirements by a 
total of eight men for a two-shift schedule. 


(b) Automatic stock handling devices 


(c) Steel practically free of scale has reduced 
abrasion on the dies on all but one of the 
operations; 77° improvement in life is re- 
ported for one set of dies. Cleaning costs 
have also been reduced because the surface 
of the forging is free of embedded scale. 

On the debit side of the ledger, Mr. 
Walter cites a 34° 
per ton of steel, and a 17° increase in main- 
tenance cost of 


increase in energy cost 


induction equipment and 
material handling devices. There is also an 
increase in downtime for maintenance, ad- 
justments and repairs. 


SELECTION OF INDUCTION 
HEATING EQUIPMENT 


Frank T. Chesnut of Ajax Electrothermic 
Corp. outlined a general guide for the selec- 
tion of induction heating equipment. As 
there is no single unit having a capacity 
from zero to several thousand kilowatts and 
a frequency range from commercial power 
lines to vacuum tube generators, selection 
of equipment is based on factors such as 
frequency, power, over-all 
economy that most nearly meet the specific 
requirements, 


efficiency and 


While induction heating equipment sup- 
plied by current from commercial power 
lines at normal or low frequency has the 
advantage of simplicity, it is usually con- 
fined to the low-temperature applications of 
annealing, stress relieving, and sometimes 
for heating metals for forging. However, 
first cost of billet heaters has been high 
and, as a rule, has not been salvageable in 
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readapting the equipment for changed or 
different operations. Several companies are 
now working in this field and this situation 
may be remedied. 

The largest amount of energy for induc- 
tion heating (melting, forging and hardening) 
has been supplied by motor generators. These 
are more or less standardized and are avail- 
able in sizes from about 10 to 1250 kw., and 
1000, 3000 and 10,000 
Their principal advantages, where 


for frequencies of 
cycles. 
sizable blocks of power are involved, are low 
maintenance cost, low over-all cost of gen- 
erating high-frequency current, reliability, 
ease of control, low 


adaptability. 


capacitor cost and 


Inductor-type generators have been built 
for frequencies as high as 30,000 cycles, but 
at frequencies above 10,000 cycles the effi- 
ciency drops off considerably and the cost 
of the generator increases. Capacitor cost 
decreases, but control becomes difficult and 
most of the gain in one direction may be 
lost in another. 

The grid-controlled or inverted-rectifier 
converter received considerable attention a 
few years ago as a possible competitor of the 
motor generator in the frequency range of 
800 to 1500 cycles. Several large installations 
were made for the melting of metals but, 
because their first cost was higher than that 
of rotary generators, together with operating 
and maintenance difficulties under normal 
foundry practice, they have not been satis- 
factory in service. 

Two main types of spark-gap converters 
are now in use: the mercury-hydrogen spark 
gap for melting operations and the quenched- 
gas equipment for brazing. The former will 
handle charges from a few ounces to 50 or 
60 Ib. Both types, because of their relatively 
high frequency, are widely adaptable in their 
limited power ranges. 

The highest frequencies used for indus- 
trial heating applications are obtained from 
vacuum tube generators which operate at 150 
to 540 kilocyeles and have power ratings 
from 2 to 200 kw. For induction heating 
in the forging temperature range where thin 
sections or small diameters are involved, or 
for surface hardening of very thin sections, 
this equipment is essential. Other applica- 
tions where vacuum tube equipment is used 
extensively include brazing operations, the 
heating of ferrous stock at high speed, and 
the flowing of tin coatings. This equipment 
is made in sizes from about 2 to 200 kw. © 





By E. T. Hayes, Metallurgist, G. L. Frederic, Chemical Engineer, and E. BD. Dilling, Metallurgist 
United States Bureau of Mines, Northwest Electrodevelopment Laboratories, Albany, Ore. 


r7irxconium, like titanium, oxidizes above 
7, 1200° F.; although it can be worked in 
air at temperatures up to 1700° F., a point 
is reached at which scalping and cleaning 
losses become excessive for a metal consid- 
ered to be relatively expensive. In the pro- 
duction of several thousand pounds of 
zirconium sheet at the Northwest Electro- 
development Laboratories of the U. S. Bu- 
reau of Mines, it was found expedient to 
sheathe the ingots in iron to conserve all 
possible zirconium for remelting, and to fa- 
cilitate working at a higher temperature than 
would normally be unsheathed 
metal. The utility of the method is demon- 
strated by the fact that over 1000 small in- 
gots were fabricated into specific size sheets 
with less than 5° metal loss and a circulat- 
ing scrap load of 25%. 


used for 


Protection of rare or expensive metals 
at high temperatures by sheaths of common 
metals has been a common maneuver in 
metallurgy as far back as the early work on 
platinum. It was tried on the refractory 
metals for electric lamp filaments in the 
1900 to 1910 decade, and more recently in 
the extrusion or rolling of titanium and 
beryllium. Although the sheath working of 
zirconium represents application of a 
known metallurgical art, the scale of opera- 
tions at the Bureau of Mines has provided 
information that may serve as a guide in 
similar problems. 

The advantages of sheath working zir- 
conium are as follows: 

1. Metal is protected at high heat. 

2. Clean serap is produced. 

3. Cleaning costs for fabricated mate- 

are lower. 

The main disadvantages are: 

1. Cost of the sheath. 

2. Work load is increased. 

3. There is some cross-sectional varia- 
tion in the finished material. 

In brief, the procedure consists of 
sheathing the zirconium ingots in heavy- 
wall seamless mechanical tubing (Fig. 1), 
welding end plugs to the sheath to form a 
complete seal, and then working the assem- 
bly in much the same manner as a normal 
ingot. After forging and rolling, the iron 
sheath is stripped and the zirconium metal 
worked to finished size. 


Zirconium ingots were produced from 
metal sponge by two methods: (a) resist- 
ance melting in graphite crucibles in high 
vacuum, and (b) are melting in a water- 
cooled copper sleeve in an inert atmosphere. 
They were equally amenable to sheath work- 
ing. (To utilize the melting facilities avail- 
able at the time, the bulk of the sheet 
produced was from the zirconium melted in 
graphite crucibles.) 
1.0 to 4 in. 


Ingots ranging from 
in diameter and 2 to 10 in. in 


Sheath Working 
of Zirconium Ingots 


length have been worked in this manner, 
but the following description is confined to 
one size of ingot. 

Ingots were scalped to produce uniform 
cylinders 2.990 in. in diameter by 8.5 in. 
long, weighing 10.7 Ib. Occasional flaws or 
folds were removed by chiseling before the 
“canning” operation. 

Machined ingots were placed in a sec- 
tion of seamless mechanical tubing of 3-in. 
inside diameter and *%,-in. wall thickness. 
Slight variations required that some of the 
ingots be pressed in. A tight fit is desirable, 
since extra space will eventually be reflected 
in excessive beveling of the sides of the fin- 
ished sheet. thick were 
then placed in the tubing and welded flush 
with the end. 

Selection of the end plug is governed by 
the working and welding. 


End plugs *4 in. 


If the plugs are 
too thick, the ends tend to lag in the forg- 
ing operation; if too thin, the weld is not 
strong enough to withstand working. 

Plugs were cut from boiler plate, sand- 
blasted on one side and machined for weld- 
ing. The first pass was made with ,4,-in. 
welding rod to close the end quickly without 
undue heating. After cooling, two complete 
passes were made with '4-in. rod. It is im- 
portant to avoid break-through during weld- 


ing; not only will the metal be oxidized, but 
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Seamless Steel Sheath 


METAL 


there is danger of forming localized masses 
of zirconium-iron eutectic. The welds must 
be sound because the sheath is subjected 
to severe tensile and compressive stresses 
during forging and rolling. 

rhe sheathed ingot was then heated to 
1560° F. 
anvils of ample size. 


and forged to a rectangle on flat 
(Any working over 
the edge of the anvil resulted in differences 
in the steel 
sheath and zirconium core, and produced 


proportionate reductions of 
a Wavy zirconium sheet with considerable 
thickness.) Forging 
served in place of larger form rolls. 


variation in really 
Nev- 
ertheless, the forging became the control 
point of the whole working program. It 
the sheathed ingot was simply flattened to 
the proper thickness, it spread in the mid- 
dle where the restraining influence of the 
sheath was the least, and also produced 
tapered ends that were fishtailed in with 
the plugs. Also, since zirconium is softer 
than the jacket at 1560° F., the sheet tended 
to be thinner in the 
these difficulties, the 
alternately with side 


center. To correct 
ingot must be upset 
working. Variation 
in eventual cross section cannot be elimi- 
nated even with the best forging technique, 
and is difficult to correct 
is rolled thinner 
sheath is removed. 


if the zirconium 
than ‘, in. before the 

Forging was carried out in the follow- 
ing sequence: 

1. The sheathed ingot was given sev- 
eral blows on end, at the same time rolling 
to upset the ends. (Fig. 2.) 

2. It was then turned and forged on 


Fig. 1 A Small Round Ingot of Zirco- 
nium Is Slipped Into a Seamless Steel 
Tube and Plugs Welded to Each End 
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the long axis until the surface was flat and 
about 2 in. wide. (Fig. 3.) 

3. It was then turned 90° on the long 
axis and forged until it was about 5 in. 
and 3 in. thick. (Fig. 4.) 

4. The ingot then forged 
through the sequence (a) ends, (b) edges, 

c) top and bottom, until it was brought 
down uniformly to a rectangle about 2x 6x 9 
in. An 


wide 


was twice 


experienced operator can usually 


accomplish this on one heat. 


Fig. Upsetting 

Rolling the forged ingot followed con- 
ventional practice with mill speeds of 60 ft. 
per min. The ingot was reheated to 1560° F. 
with 10 to 20% 


pass and two or three passes per heat on a 


and rolled reduction pet 
reversing 8 x 12-in. mill. The slab was cross- 
rolled to about 8 in. wide and then rolled to 
a length of 24 to 30 in. At this point the 
thickness of the composite was >}, in. and of 


the zirconium core about ', in. 


The sheath was removed with a power 


shear or plate cutter. In this program, the 
workman used a 6-in. alligator blade because 


he could follow the edge of the zirconium 





sheet closely. Such careful work held the 
side loss to less than 0.5% and the end loss 
to less than 2%. A stripped sheath with the 
zirconium sheet in the center is shown in 
Fig. 5 on page 86. 


rEMPERATURE LIMITATION 


The limiting temperature in this sheath 
working is the formation of the zirconium- 
iron eutectic, namely, 1715° F. Should this 


Fig. 3 Minor Flattening of One Face 

temperature be exceeded, the two metals 
cannot be separated. It might be pointed 
out that the original sheaths can be too 
clean. Normally, the tube has a thin oxide 
film, and this is sufficient to keep the iron 
from welding to the zirconium. 
experience had shown that 


Previous 
removing the 
oxide film with hydrogen or by mechanical 
means resulted in spot bonding or pressure 
welding of the iron and zirconium in the 
course of hot working. 

Cross-sectional variation of the stripped 
zirconium sheets amounts to about 0.005 in. 
The sheet was level to tolerances of 0.001 in. 


after rolling about 25° in air at 1200° F. 

Resulting sheet was sandblasted, 
pickled lightly in a dilute mixture of HF 
and HNO,, and trimmed to finish size 
Metal losses in unsheathing and cleaning 
amounted to about 4% of the original 
weight. Scrap from trimming was 22 to 
24%, and this was returned to melting with- 
out further treatment. 


Sequence of Forging Operations 


Fig. 4 


Consumable Electrode Some of the 
applications developed for zirconium demand 
that the metal be carbon-free, and since no 
melting crucible other than graphite seems 
to be practicable, carbon-free metal must be 
are melted in a water-cooled copper crucible. 
One method developed at the Northwest 
Electrodevelopment Laboratory consists of 
are melting a consumable electrode of con- 
solidated zirconium sponge. For this pur- 
pose, several hundred pounds of 1-in. bar 
stock (electrode) was prepared by sheath 
working, following the same general pattern 
described for sheet with one major differ- 
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Major Flattening to Rectangular Section 


Consumable Electrode 


ence briquets of  zirco- 
nium sponge were used in- 
stead of solid ingots. 
Zirconium sponge bri- 
quets 4 in. in diameter by 
3 in. high were pressed in a 
steel die at 20 tons per sq.in. 
Void 
quets was of the order of 


space in these bri- 
20°, , due to the massive na- 
ture of the sponge and the 
low compacting pressure. 
Two or more briquets were 
canned in 4-in. seamless 
tubing with ‘2-in. wall. The 
end plugs were similar to 
those shown in Fig. 1, but 
were only 12 in. thick. Clos- 
ing the voids in the initial 
working of such  briquets 
results in lower stresses on 
the sheath and weld zones, 
and thinner end plugs were 
permissible. 

The sheathed briquets 
were heated to 1560° F. and 
form-forged to an oval cross 
section of approximately 
1’. x2 in., using Vee dies 
anvil. 
This was performed as a 


on a hammer and 
drawing operation, using 
several passes and working Fig. 
from alternate ends so the 
plugs would deform out- 
ward into hemispheres, releasing stress on 
the welds. 

The forged briquets were reheated to 
1560° F. and rolled to a 144-in. square fol- 
lowing the order (a/ open diamond, (b) 


square, (c) diamond, (d/) square, with about 


20°. reduction per pass. The bar was re- 
heated after the last pass and straightened 
hot, either on the forging hammer or a 
quick-acting press. 

The most satisfactory method of strip- 
ping, with the machinery available, was to 
remove the steel on opposite corners of the 
bar with a metal planer. The stripped zir- 
conium bar was cut to the desired length 
and threaded on the end for electrical con- 
nections, and was then ready for use as a 
consumable electrode. 

The cost of fabricating one particular 
lot of 1900 Ib. of zirconium sheet from ingot 
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5— Forged and Rolled Zirconium, 
With Steel Sheath (Top, Bottom and Edges) Removed 


%x8 In., 


was less than $2 per lb. Of this amount, 
14% was expended for tubing, plugs, and 
welding rod, and 20% for labor in cutting, 
welding and unsheathing. In comparison 
with previous methods, the increased sheet 
recovery, low loss of metal, and clean scrap 
more than offset this cost. 

It is not intended to leave the impres- 
sion that zirconium must be hot worked in 
a protective sheath. In fact, later improve- 
ments in melting techniques and the produc- 
tion of larger ingots have largely obviated 
the use of sheaths. As the production of 
zirconium increases, the unit cost will un- 
doubtedly decrease. As the metal becomes 
cheaper, the advantages of the protective 
sheath become less. As a matter of expedi- 


ency and conserving an expensive metal, 
however, sheath working of zirconium served 


a very useful purpose. Ss 





By Norman P. Goss, Consulting Physicist, Cold Metal Products Co., Mayfield Heights, Ohio 


I IS A COMMONPLACE of elementary metal- 
lurgy that a piece of solid metal is an 
aggregate of very small crystals. This was 
visually proven the first time Beilby looked 
at a smooth section through a microscope. 
The crystalline architecture is crudely shown 
by etching pits, and the atomic spacings may 
be precisely computed from X-ray diffraction 
patterns. 

So much for the over-all picture, about 
which there is no controversy. All is not so 
simple, however; physical metallurgists are 
by no means in agreement about some other 
details of structure. A notable example con- 
cerns the nature of the erystalline bound- 
aries, those surfaces where one crystal butts 
into another. Under certain circumstances 
say, low temperature —- the boundaries seem 
to be stronger than the crystalline mass; at 
high temperatures the reverse is generally 
true. Grain boundaries are less resistant 
than the crystalline blocks to attack by many 
acids or to penetration by hydrogen. Ob- 
viously, if we knew more about the nature 
and extent of this transition matter which 
exists at the contacts between well-ordered 
crystals, we might be able to improve com- 
mercial metals by correcting the faults that 
exist there. 

Again: Consider the action of a ductile 
metal under fairly high stress. It acts as a 
plastic body and it acquires strength as it 
deforms —up to a limit. Microscopic ob- 
servation early indicated that when such 
plastic flow occurs (irreversible deformation 
beyond the “yield point”) the crystals appear 
to fragment and move, each piece a little past 
its neighbors, by block action along “slip 
planes”. This slip or shearing is also accom- 
panied by a certain amount of rotation, as is 
proven by the fact that the metallic crystals 
in a heavily cold worked metal like wire 
have a preferred orientation (popularly called 
“fiber” ), whereas the arrangement is perfectly 
random in the fine-grained annealed material. 
Such information again comes from X-ray 
diffraction patterns. 

But what happens to the crystals and 
intercrystalline material when a metal is 
loaded rather lightly at a high temperature, 
and it “creeps”? What happens when a 
concentrated load hits metal at very high 
speed, and it shatters? What if the loads are 
moderate but fluctuate rapidly in intensity, 


and the metal “fatigues”? It is again obvious 


that if metal scientists had the answer to 
such questions, there would be great hopes 
for better pressure vessels, for better armor, 
for better turbine blades. 

Lest it might be too readily imagined 
that any hope of greatly strengthening our 
common metals is quite visionary, it can be 
stated that theoretically the ultimate strength 
of common iron can be computed from the 
heat required to vaporize it— that is, the 
energy required to tear atom from atom 
and it comes out at about 5,000,000 psi 


Grain Displacement 


in Metal Stressed 


Below Elastic Limit 


However, commercial iron actually has an 
ultimate tensile strength of about 40,000 psi 
Here is a 100 to 1 discrepancy! While some 
of it is due to the circumstance that iron 
deforms, prior to fracture, by block slip and 
shear, rather than separation, atom from 
atom, another circumstance is that the crys- 
tals themselves contain a multitude of minor 
(submicroscopic) imperfections, and so the 
potential strength of flawless material cannot 
be exerted. 

There are so many proven facts about 
metal crystals and crystalline aggregates 
which are consonant with the assumption 
that what appears under a high-power micro- 
scope to be a single, perfect crystal is in real- 
ity an assemblage of submicrosecopic units, 
that most physical metallurgists accept the 
postulate of such a substructure, frequently 
called a “mosaic structure”. This assumes 
that all grains are inherently imperfect, or 
have a certain periodicity in architecture. 
Zapffe and his associates have shown by the 
method of fractography that grains are in- 
herently imperfect, and that the inner struc- 
ture of grains is very complex. Several of 
his contributions on this matter have ap- 
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X-Ray Diffraction Studies 


peared in Metal Progress. Nadai also says 
in his book “Theory of Flow and Fracture 
of Solids” that evidence has been presented 
which would support the supposition that 
the elastic deformation of metals involves 
lamellar action — again requiring a crystal- 
line substructure. 


ELASTIC ACTION 


This introduces another interesting (and 
important) question, both from a theoretical 
and a practical standpoint. What is the real 
action of the crystalline blocks in that fas- 
cinating material known as metal when it is 
lightly loaded — below the “elastic 
limit”? All students of elementary 
physics have a bowing acquaintance 
with Hooke’s law which states that 
the stress (unit load) is propor- 
tional to the strain (change in 
shape) “within the elastic range”, 
and that the process is reversible 
that is, a metal in a state of elastic 
strain experiences a deformation 
which can be removed by reducing 
the force producing it to zero. 

What has been displaced within 
the loaded metal? This question 
has led to many interesting theories, 
both factual and speculative. One 
very interesting observation is that 
all the grains in a metal do not 
reach the elastic limit at the 
same time, due to their normal 
differences in orientation, and 
to their variation in inner 
structure. Another is_ that 
when the force producing the elastic strain is 
removed, the metallic body does not always 
return exactly to its original shape; this is 
called elastic hysteresis. The mechanism of 
elastic hysteresis has been discussed by 
Zener in his book “Elasticity and Anelasticity 
of Metals” 

To throw a little light on the mechanism 
of elastic action, the present author studied 

by X-ray diffraction methods) the move- 
ments within the mosaic substructure of 
coarse-grained metal under moderate stress 
Among the possibilities are (a) that elastic 
action (and recovery) is associated with the 
rotation (and return) plus, perhaps, some 
linear (though small) displacement of 
mosaic blocks within the grains, and (b) 
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that it is primarily due to movements at 
the grain boundaries that is, rotation of 
the grains from their original and mutual 
orientation. 

For the tests a strip of 3% silicon steel 
was annealed in such a way as to produce 
essentially perfect crystalline grains from 
0.040 to 0.080 in. in diameter. These strips 
were about 0.5 in. wide and 0.005 in. thick, 
so there was only one layer of crystals in 
the thin strip. However, the pencil of X-rays 
was of such dimensions as to cover a con- 
siderable number of grains. The strips were 
mounted in a small tensile testing machine 
which is an integral part of an X-ray back 
reflection apparatus. Great care was exer- 
cised to avoid deforming the specimen as it 

was placed in the tensile machine, 
since the slightest deformation would 
fragment the grains. The apparatus 
was so arranged that the stress on 
the sample could be changed with- 
out disturbing the specimen-to-film 
distance of the spot on the specimen 
which reflected the X-ray beam. To 
get as sharp a reflection as possible 
(spot on the exposed film) from a 
given crystal, cobalt K alpha radia- 
tion was used. 

Any small change in the lattice 
dimensions with stress would be 
easily determined by differential 
movements of spots on the exposed 
film —- changes in the relative spac- 
ings of reflections from a_ given 

system of planes. Conversely, 

any small displacement of the 


Fig. 1-— Shutter Opening mosaic blocks by separation 
for Exposures 


in Fig. 2 : : : 
' at their boundaries without 


material change in the crystal- 
line arrangement within the blocks them- 
selves would be marked by a change of 
intensity or sharpness of the spots on the 
film, but not in their location. Finally, a 
very slight rotation of the grain would cause 
the appropriate system of spots to move; 
further rotation would cause them to dis- 
appear entirely. 


DISPLACEMENTS OF LAUE PATTERN 


To examine the above possibilities, a 
series of exposures was made on a single 
film. A shutter was arranged as shown in 
Fig. 1 so that all but about 30° of the conical 
beam of reflection was eliminated. After 
each exposure, the stress was changed, the 








film rotated 30° around its center, and then 
another exposure was made. This permitted 


Interpretation of Spot Patterns 


an exacting comparison, pattern to pattern. have changed. The group of diffraction spots 
Six such exposures completed the series; the alongside the circles in a clockwise direction 
developed film was like a pie cut into 12 experienced an especially large change when 
pieces; the diametral segments were exposed the load was changed from 20 to 60 Ib. 
simultaneously. Load and stress conditions Increasing the load to 100 Ib. eliminated 
for the exposures marked on the film are: some of these spots and a new set appeared. 


Exrosuns —— Srenee It is admitted that the differences in the 
I 20 Ib 7,700 psi spots which clearly exist in the X-ray film 

1 60 23.000 both in position, size and intensity — are 
itl 100 38,300 not nearly as evident in a photographic print 
IV 120 46,000 made 

v 20 7,700 

VI 100 38,300 


therefrom and are so much further 
masked by the inadequacies of halftone 
reproduction that the reader must almost 
Note that the “elastic limit” of the specimen accept their interpretation on faith. 
was not exceeded under the heaviest load. 
(Had that occurred, then the sharp spots 


Consequently, 

a second series of exposures was made to show in a 

more convincing way that the grains rotated, or that 
large mosaic block elements rotated when this 
piece of silicon steel was deformed elastically. 
Instead of moving the X-ray film after each 
exposure, it remained fixed while the specimen 
was reloaded and exposed in the same series 
of stresses as listed for Fig. 2. For this expo- 
sure (Fig. 3) the shutter was open about 45° 
in each quadrant. 

It can now be observed that as the elastic 
loading was increased, the position of the dif- 
fraction spots shifted and lined up on a streak 
Each streak should consist of six spots equally 
spaced. However, some of the streaks have 


Fig. 3 Stress-Exposure Program of Fig. 2 
Was Repeated Without Changing Position of 
Film, so That Changes in Position and Intensity 
of Diffraction Spots Can Be Visually Noted 


Fig. 2 Series of Six Diffraction 
Patterns From a Single Location on 
Coarse-Grained Silicon Steel Ribbon, 
Loaded in Tension as Indicated 


would have blurred or vanished.) Note also 
that Exposure V is after relief of most of the 
stress; semi-permanent changes in the metal 
can be discovered by comparing Exposure 
No. V with No. L. 

The diffraction spot enclosed in circles 
and indicated by arrows shows that the grain 
responsible has remained in approximately 
the same position, as was confirmed by care- 
ful measurement. One can note, however, 
that its intensity and the intensity of the 
diffraction spots on either side of the arrow 
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Creep and Recrystallization 


less than six spots. This indicates that as 
the specimen was stressed elastically, either 
the grains or the mosaic elements within the 
grain have rotated; as long as the crystal face 
remained within the range of the divergent 
X-ray beam, reflection occurred according to 
Bragg’s law; whenever rotation exceeded that 
angle the spot was extinguished. 


EVIDENCE OF ROTATION 


It should also be observed that all the 
streaks (asterism) are not parallel. This is 
believed to indicate that the grains respon- 
sible for the divergent lines or streaks are 
being rotated in slightly different directions. 
This slight deviation in direction of rotation 
from grain to grain (or mosaic block to 
block) is not unexpected; since the grains 
or blocks, even) differ in orientation, one 
should also expect the direction ,of elastic 
rotation to differ, grain to grain. 

It should be noted that one spot in each 
streak is usually the most intense; in a few 
others some of the spots are of about the 
same high intensity. It is believed that these 

idiosyncrasies may indicate the state of perfection 
of the grain, and how the mosaic texture is changed 
when the grain is elastically stressed and strained. 

A similar series of experiments was made on a 
piece of annealed iron of very high purity 
(Westinghouse “Puron”). Figure 4 is anal- 
ogous to Fig. 3 for silicon iron. Only two 
exposures were made in Fig. 4, the loading 
corresponding to 4000 and 16,000 psi. re- 
spectively. In some instances the spot inten- 
sity remained the same, while in others it 
either increased or decreased. It should also 
be noticed that several pairs of spots became 
blurred. This X-ray pattern shows that pure 
iron behaves in the same way as silicon 
ferrite within the elastic range. 

From the evidence of these films, it is 
concluded that the lattice parameters are not 
changed because diffraction spots due to a 
single system of atomic planes do not change 
in relative position. Rotation of the elements 
is indicated, however, since slight rotations 
cause each system of spots to move in par- 
allel lines, and sometimes lead to extinctions. 
Separation at grain or mosaic boundaries is 
not indicated because the observed spots 
always move when stresses change. 

The elastic rotation of grains, or of mo- 
saic elements within the grain, or both, is in 
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many respects similar to the changes taking 
place in a metal undergoing creep, except that 
the elastic rotation is a reversible process. 


RELATIONSHIP TO CREEP AND 
RECRYSTALLIZATION 


During creep, grains may experience sev- 
eral alterations in structure. For example 
Sully, in his book “Metallic Creep”, quotes 
experiments by Crussard showing that the 
grains are displaced relative to each other 
at the grain boundary. Wood and Scrutton 
(“Mechanism of Primary Creep in Metals”, 
Journal of the Institute of Metals, Vol. 77, 
Part 5, 1950) observed the formation of cell- 
like structures as the grains are gradually 
deformed in creep, implying that the grains 
break down into a fine structure in which 
the elements approximate the orientation of 
the original grain. 

Figure 5 is a black and white reproduc- 
tion of a colored micrograph shown by Paul 
A. Beck in his contribution on “Interface 
Migration in Recrystallization” in last year’s 
@ Seminar. It shows aluminum of high 
purity that has started to recrystallize after 
working and annealing 5 min. at 340°C. 
(645° F.). The clear grain is a new crystal 
growing within an old one. The dappled 
condition of the bulk of the surface of the 
old grain represents mosaic structure which 


Fig. 4 Duplicate Exposure of 
Coarse-Grained Pure Iron Loaded 
at 4000 and 16,000 Psi. Respectively 








Mosaic Structure 


are stressed elastically. 
The self-focusing method 
suggested by Crussard 
might be able to deter- 
mine which explanation 
is to be preferred. 

It can also be observed 
that as the stress was 
increased from 4000 to 
16,000 psi., some of the 
spots increased in intensi- 
ty while others decreased. 
This is believed to indi- 
cate that the grains were 
rotated by the application 
of an elastic force. 

That a rotation of the 
grain itself or the mosaic 
elements has also occurred 

Fig. 5 — Formation of Subgrain Amid Evidences can be judged from the 
of Mosaic Structure During Recrystallization 


changes which took place 
of High-Purity Aluminum. (Beck and Hsun Hu) 


in Puron when the elastic 
stressing was increased 
becomes more and more evident as_ the from 4000 to 16,000 psi. This changed the 
internal stresses are rearranged and relieved intensity of some of the diffraction spots 
by recrystallization at isolated centers. appreciably. Accurate measurements prove 

These observations on the Beck micro- that the relative positions of the spots remain 
graph are in agreement with the generally the same when the spot intensity remains 
accepted mosaic structure theory. the same. 


It can also be noticed that the separation 


GENERAL CONCLUSIONS 


The results described in this article may 
be explained by assuming that externally ap- 


of the various pairs of spots in Fig. 4 is not 
the same. This may mean that the elastic 
strain is not homogeneous from one grain 
to another. 


plied stresses can cause the mosaic block While the changes in X-ray patterns with stress 
elements to be displaced, and that when the are representative of a number of metals which were 
strain is removed these blocks return to their examined under loadings much less than the “elastic 


original positions, except for hys- 
teresis. This explanation is based 
on the following observations: 
In Fig. 4 of Puron one can 
observe some pairs of spots which 
are of about the same intensity; 
this has two possible interpreta- 
tions. First, the grain was mosaic 
before the application of the 
stress, and as it was rotated the 
mosaic block elements were in a 
position to reflect the beam with 
equal intensity, but each spot 
was due to the reflection of the 
X-ray energy from a different 
block. The other possible expla- 
nation is that the block elements 
themselves rotate as the grains 


limit”, it is realized that much 
more work is needed to clarify 
the crystallographic mechanism 
of elasticity and anelasticity. For 
example, it is possible to focus 
the beams causing the spots and 
thus to follow more closely the 
polygonization of a metal crystal 

that is, the development of an 
undoubted substructure (mosaic). 
This technique might be applied 
with advantage to grains under- 
going elastic straining. In some 
instances it might be possible 
to detect the differences in the 
orientation of the mosaic blocks 
as the metal is being stressed 
elastically. ~] 
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By Samuel J. Rosenberg and Carolyn R. Irish, Metallurgists 
National Bureau of Standards, Washington 


LTHOUGH the use of the iron-chromium- (as will appear in the following notes) 
A nickel alloys has been firmly established indicate that this alloy, when fairly pure, 
and considerable work on the phase diagram actually consists of austenite and sigma at 
of this system has been carried out by nu- 1200° F. if equilibrium conditions are at- 
merous investigators, disagreement still ex- tained. Ferrite is a transient phase. This 
ists as to phase boundaries. For instance, statement is based upon microscopic obser- 
the isothermal section of the ternary dia- vations of the numerous samples of iron- 
gram at 1200°F. given by Bain and Aborn chromium-nickel alloys used in a study of 
in @ “Metals Handbook” (1948 edition, p. the solubility of carbon in 18% chromium, 
1261) differs from that shown at the same 10° nickel austenite. 

The alloys used were melted and solidi- 
fied under vacuum in a high-frequency fur- 
* 7 nace. The iron, chromium, and nickel used 
5 l g m a é h asé t n as a melting stock were of high purity. Car- 
: bon was added to many of the melts to pro- 
; duce alloys varying from 0.007 to 0.30% C. 
: a * The ingots, weighing about 2 lb. each, 
K ' gh- u rity 1 8-1 0 were forged to rods and annealed at 1975° F. 
A section of each rod was cold rolled. 
Samples of both were subsequently held at 
800° F. for six weeks, and individual sam- 
temperature in the review by Helmut 
Thielsch, in Welding Research Supplement ii eel. aiieaam 
of Welding Journal, Vol. 15, 1950, p. 557. : gue ; 

Carbon 0.007 0.012 0.013 

Manganese <O0.01 <0.01 <0.01 


Phosphorus 0.001 0.001 0.001 
According to Bain and Aborn, the iron- Sulphur 0.009 0.008 0.008 


base alloy containing 18° chromium and Silicon 0.010 0.004 0.003 
10% nickel should be single-phase gamma Oxygen 0.026 0.003 0.003 

4 a é ‘aah a Nitrogen 0.002 0.001 0.002 
at 1200° F.; according to Thielsch it should % parea 


‘ Hydrogen 0.0003 0.0006 0.0004 
be two-phase, gamma plus sigma. Data ob- 


aie Chromium 17.51 16.80 18.26 
tained at the National Bureau of Standards Nickel 10.25 10.30 9.90 


Composition of Alloys 


These two diagrams are reproduced as Fig. 
1 and 2. 


Fig. 3 Sigma (Dark Constituent) and Initial condition as annealed. Etched 
Ferrite (Clear Constituent) in 18-10 electrolytically for 5 min. in a 10% 
Austenite After Five Weeks at 1200°F. aqueous solution of sodium cyanide. 500 >» 


‘ ! 


A — 0.007% C B— 0.012% C Cc 
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0.013% C 








Fig. 1 (Left) The lron-Chromium- /00%Cr 
Nickel Ternary Diagram at 1200° F. 


According to Bain and Aborn 


Fig. 2 (Right) Iron- 
Chromium-Nickel 
Ternary Diagram 


—> tN 


then treated at various 
temperatures. 

No alloys which 
carbon-free, but three of the alloys listed in 


the table, which contained relatively small 


ples were higher 


were obtained were 


amounts of carbon, can be used to compare 
1200° F. with those 
predicted by the two ternary sections shown 
in Fig. 1 and 2. 


the structures found at 


Figure 3 shows the resulting 
structure of these three alloys, annealed but 
not cold worked, after holding for five weeks 
at 1200°F. Both (dark, attacked 
areas) and ferrite are present. This is espe- 
cially Alloy B, where the 
chromium content would place it practically 
at the lower boundary of the y 
Fig. 2. 


sigma 
noteworthy in 


+o field in 
Despite the low carbon contents of 
these alloys, undissolved carbides may be 
observed. 

The micrographs of Fig. 4 showed that 
the intermediate cold working appeared to 


Fig. 4 


at 1200° F. 
According to 
Thielsch 





30 40 50 60 70 80 90 W00%Ni 
— TN, 


/ 


accelerate the formation of sigma. Only 
traces of ferrite were present in these alloys, 
previously cold worked, after holding for 
five weeks at 1200° F. 

In view of the fact that cold working 
tends to accelerate the approach to equi- 
librium, it may be presumed that sigma is 
the stable excess phase at 1200° F. and that 
the ferrite present in the alloys which were 
not cold worked eventually 
transformed entirely to sigma 
and austenite) if held at 
longer period. 


would have 
(or to sigma 
1200° F. for some 
This indicates that the dia- 
gram shown by Thielsch is correct insofar 
as the structure of the 18% chromium, 10% 
nickel alloys is concerned. 8 


Sigma in Alloys of Fig. 3 After Five Weeks at 1200° F. Initial condition as cold worked. 500 x 


he e 19 tos" . 
ve An ae 


ai ee 


0.007% C B 


0.012% C 0.013% C 
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markable degree of perfection in 
your country. 





It seemed to me 
that the application of controlled 
furnace atmospheres is stimulated 
to a considerable extent by the 
availability of 


Correspondence 


tenail 





your very in- 
expensive natural gas. 

Apparently the foundry melting prac- 

tice has reached a stage at which either the 


A Dutch Engineer 
Comments on U. S. 
Metal Fabrication 


water-cooled or the basic-lined cupola will 
EINDHOVEN, HOLLAND 


The Editor’s invitation to record some 
impressions of the World Metallurgical Con- 
gress and the preliminary tour attended in 
the United States last fall is accepted with 
some reluctance, because although we trav- 
eled over two thousand miles we saw only 
a very small part of your beautiful country; 
we met hundreds of people and they consti- 
tuted only a few of the Americans. 

We gathered plenty of fresh ideas; we 
discussed new approaches to old problems; 
and, equally important, we met only friend- 
ship and open-mindedness. 

One of the problems we discussed dur- 
ing our trip was the reason why an Ameri- 
ean can buy so much more for an average 
hour of work than we Europeans can. | 
had the feeling that among other important 
reasons is the educational system in your 
contributed substan- 
tially to the high standard of living. The 
Way vou try to prepare for real adult life, 
and the fact that it is obligatory to attend 
school till one is 16 years of age, both must 
have their influence in stimulating effective 


country, which has 


brainwork by average men engaged in in- 
dustrial activity. I often asked an operator 
in a factory a question regarding his job 
and its relation to the entire organization. 
It was striking that the answer nearly al- 
Can it 
be that the quite informal social intercourse 


ways testified to a sane judgment. 


in your country is a valuable contribution 
to that development? 

Regarding technique, and metallurgy 
especially, in works we visited, I may per- 
haps mention the following items: 

Boron steel seems to be used in increas- 
ing amounts. I had the impression that 
boron’s influence on the hardenability of 
steel has opened new views of fundamental 
research regarding the 
hardening. 


problem of steel 


Case hardening and carbo-nitriding in 
controlled atmospheres has reached a_re- 
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be employed to a large extent for melting 
low-sulphur iron. The results already ob- 
tained in practice are impressive. 

Flow of material through the ordinary 
fabricating plant is always well organized. 
It was striking to notice the short time be- 
tween the first operation on the raw material 
and the moment when the finished product 
was shipped. 

1 could continue telling about things 
already known by you. May I still mention 
some impressions of the World Metallurgical 
Congress? 

The very large number of conferees that 
attended the Congress and visited the unique 
National Metal Exposition was at first 
astonishing. The organization, however, 
was so perfect that we felt only the advan- 
tages. Good hotel accommodations and fa- 
cilities enabled us to come into contact with 
nearly any expert in the metallurgical field 
who was concerned with the same problems 
as we were. I only hope that some informa- 
tion I was able to give proved to be of some 
help to these men who gave so freely of their 
knowledge and valuable time. 

I feel obliged to emphasize that we all 
felt the trip to the U.S.A. very well organ- 
ized, and that we gathered enough ideas 
to occupy us for a long time. 

Epvuarp M. H. Lips 
Chief Engineer 
Metallurgical Laboratory 
N. V. Philips’ Gloeilampenfabrieken 


Fine Crystals at 
Polished Surface 


Toronto, CANADA 


It may be of interest to record some 
further evidence that mechanical polishing 
leaves behind a surface which, as far as its 
crystallographic nature is concerned, may 
be far different from the metal a small dis- 
tance underneath. 

During an investigation at the Univer- 
sity of Toronto of surface self-diffusion of 





silver, it was necessary to 
produce plane unworked 
of 


surfaces silver single 


crystals. In preparing 


such surfaces for exami- 
nation, my associates, W. 
C. Winegard, R. S. Davis 
and W. R 
the 
to alternate abrasion and 
The 


specimen was abraded by 


Thomas, sub- 
jected single crystal 
Sharp Spots Fre 


electropolishing. Indicate 


tal After 


chanical) 


Final 


successively 
Plus 


of 
final stage was with levi- 
cloth 
A Laue back-reflection photograph 


finer grades 


emery paper and the 


gated alumina on and then electro- 
polished. 
was taken after each successive step, a pro- 
cedure which is similar to that described by 
T. N. Rhodin in Journal of Applied Physics 
October 1950, 

Laue photographs after six of the pol- 
The 
are of metal after abrasion on 0, 
(Only one half of 


the back-reflection photograph is shown, to 


for 


ishing steps are shown in the group. 
upper row 
00, and 000 emery paper. 
conserve space in Metal Progress.) Those 
in the 
polished after the corresponding abrasion. 


lower row represent metal electro- 


The spots, if sharp, are characteristic 
of the 
rings are evidence of the presence at the re- 


undisturbed erystalline material; 


flecting surface of very small crystals that 


Abraded on 0 emery 


mm 


Undisturbed Crystalline 
Material at Surface of Silver Crys- 
Polishing 


Abraded on 00 emery 


are the result 
of low-temperature 


crystallization that occurs 


probably 
re- 


during abrasion. 

The photographs there- 
fore indicate the extent to 
which the 
the surface is disturbed by 
the 
of 
ing and how the disturbed 


material neat 


conventional methods 


metallographic polish- 


{100} Surface 


removed 
The 


final separate view is of a 


material can be 
(Me- 


by 
ectropolishing 


electropolishing. 
sample polished on cloth 


with levigated alumina and then electro- 


polished. In all instances the surface under 
study was the {100} crystallographic plane 
Bruce CHALMERS 
Professor of Physical Metallurgy 
University of Toronto 


Maintenance Expedited 
by Stainless Bolting 


LANCASTER, P 


Even though certain types of stainless 
steel are now sharply restricted, we have 
found that the rather unconventional use of 
stainless steel bolts is of the greatest impor- 
tance in cutting maintenance costs and 
downtime of important production machin- 


ery. Use of expensive alloy in this manner 


Series of Laue Back-Reflection Photographs Showing Difference 
of Surface Structure of a Single Crystal of Silver After Mechan- 


ical Polishing (Above) 


and 


After Electropolishing (Below) 
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High Yield of Weld Metal 


Correspondence 


would ordinarily be looked upon as sheer 
extravagance, but rusty bolts and nuts can 
cause a lot of trouble and delay in disman- 
tling a machine for repairs. 

In our plant the work of taking apart 
specialized cutting machinery for mainte- 
nance or repair is expedited tremendously 
by using stainless steel in those parts that 
have to be removed easily. For example, 
before we changed to stainless steel, it took 
16 man-hours to remove the spindle of one 
cutting machine. Installing stainless steel 
parts and stainless steel bolts reduced this 
time to less than two hours. 

Using stainless steel not only cut main- 
tenance labor costs but also reduced the 
number of times these assemblies were 
taken down. 

Another “natural” for stainless bolts is 
for heat treating furnaces. It is a difficult 
job to replace parts on such furnaces be- 
cause they are often locked in place by oxide 
or by stresses induced by the heat. Some- 
times we have welded large nuts to the 
heads of such “frozen” bolts before we could 
Sometimes the added force 
used to start the bolt would break off its 
head; drilling it out was the only thing that 
could then be done a slow, tedious and 


remove them. 


expensive job. The use of bolt extractors 
often failed, because sufficient force could 
not be applied. However, after making the 
furnace parts of stainless steel we have 
eliminated these difficulties. 

If our experience at G. O. Carlson, Inc., 
is duplicated in other plants, a change to 
stainless steel for many maintenance appli- 
vations will produce important savings in 
labor cost and machine downtime. 

MILTON GALLUP 
Chief Engineer 
G. O. Carlson, Ine. 


MILWAUKEE 


It is a curious fact, of importance to 
the design and service of welded structures, 
that the yield point of tensile test pieces 
made of all weld metal (carbon steel) is 
much higher than anything which can be 
produced in rolled plate of corresponding 
chemical analysis. This extra-high yield 
point generally persists afler stress-relieving 
heat treatments. 
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Similar phenomena exist for some of 
the stainless steels, as shown in the follow- 
ing table of tensile data for test pieces cut 
from a pressure vessel made from Type 347 


plate and SW157 welds. 


WetLp Mera! 
59,500 psi. 
65,000 


PLATE 
0.01% yield 27,000 psi. 
0.10% yield 32,000 
Ultimate strength 82,000 87,400 
Elongation in 2 in. 54% 24.5% 
Reduction of area 67% 29% 
Modulus 26,500,000 21,500,000 
Analysis: C 0.06% 0.05% 
Si 0.45 0.79 
Mn 1.50 1.66 
Cr 18.25 19.28 
Ni 11.05 11.16 
Cb 0.77 0.89 


The tensile tests were made on metal 
cut from a large autoclave after it had been 
in service. The plate was 11% in. thick; the 
test pieces were heated 4 hr. at 1600° F., air 
cooled, then 5 hr. at 1000° F., 
The weld metal 


and air cooled. 
(multipass manual deposit) 
was air cooled after deposition; the test 
piece cut therefrom was heated 5 hr. at 
1000° F. and air cooled. 


measured by SR-4, Type A-3, }3-in. strain 


Elongation was 


gage; yield points and moduli were obtained 
from plotted stress-strain curves. 

The low yield strengths of the test bars 
cut from plate indicate that the material was 
very well annealed. The great disparity be- 
tween elastic properties of stress relieved 
weld metal of about the same chemistry is 
accounted for by the precipitation in the 
latter of a diffused phase 
bium carbide. 


possibly colum- 


R. A. HUSEBY 
Metallurgical Research Dept. 
A. O. Smith Corp. 


New KENSINGTON 


The Man Was Ready 


June, the month of brides, when this 
micro was made, finds the little bridegroom 
ready, complete with bouquet of flowers! 

Davin W. PetrtTicrew, Jr. 
Research Engineer 
Aluminum Co. of America 
4” a 
> a 4 
. . 
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Investigate NI-HARD for your 
ABRASION PROBLEMS 


NI-HARD is produced by 
authorized foundries from coast to coast 


SEE FOR YOURSELF why NI-HARD cuts grinding 
costs. Unlike other cast irons, NI-HARD is composed of 
a multitude of hard carbides firmly embedded in a 
matrix which is as hard as fully hardened steel. Ni-Hard 
balls are produced in sizes from 5,” to 14%”. Balls at 
left above are sectioned to show soundness. 


THESE BALL MILL LINERS of chilled NI-HARD 
replace rolled steel liners for milling ores. The user 
previously used all types of liner materials, including 
manganese steel, chilled iron, etc., before standardizing 
on NI-HARD. 


SOLIDS-HANDLING PUMP PARTS, produced to 
take full advantage of NI-HARD, include impellers, 
shell liners, suction side liners, engine side liners, throat 
and seal rings. 


THE INTERNATIONAL NICKEL COMPANY, INC. 





Ni-Hard® . 


.. an abrasion-resisting nickel iron 


... has proved the 


answer to hundreds of problems involving severe abrasive wear. 
During the past 20 years it has set notable records for length of ser- 
vice, down-time saving and ultimate economy where wear-resistance 
is the primary requirement. A few typical Ni-Hard applications are 


illustrated. 


At the present time, the bulk of the nickel produced is being di- 
verted to defense. Through application to the appropriate authorities, 
nickel is obtainable for the production of NI-HARD for many end 
uses in defense and defense supporting industries. There are author- 
ized foundries, from coast to coast, equipped to produce NI-HARD 
castings in all common forms and shapes. 


SOURCES OF SUPPLY FOR NI-HARD CASTINGS 


EASTERN SECTION... 


Plattsburg 

Foundry & Machine Co 
18 White St 

Plattsburg, N. ¥ 


Engineered Castings Div 
American Brake Shoe Co 
10 Mount Read Boulevard 
Rochester 11, N.Y 


Brake Shoe 

& Castings Div 

American Brake Shoe Co 
230 Park Ave 

New York 17,N.Y¥ 


American 

Abrasive Metals Co 

460 Coit St 

Irvington 11, New Jersey 


Palmyra Fdry. Co., Inc 
Arch St. Station 
Palmyra, New Jersey 


U.S. Pipe & Fdry. Co 
Burlington, New Jersey 


Hardinge Mfg. Co. 
240 Arch Street 
York, Pa 


Link-Belt Co., Olney Fdry 
180 W. Duncannon Ave 
Philadelphia 20, Pa 


New Castle Fdry. Co. 
Mahoning Ave. & 
Hobart St 

New Castle, Pa. 


The Pennebacker Co 
Emmaus, Pa 


Sprout, 
Waldron & Co., Inc. 
Sherman St 

uncy, Pa 


Treadwell Engrg. Co. 
Lenox & 25th Street 
Easton, Pa 


Weatherly 

Fdry. & Mfg. Co. 
Commerce St 
Weatherly, Pa. 


Georgia Iron Works Co 
605 12th St 
Augusta, Ga 


Pekor Iron Works, Inc 
P. O. Box 909 
Columbus, Ga 


Thomas Foundries, Inc 
3800 10th Ave. No 
Birmingham 1, Ala 


CENTRAL SECTION... 


The Brom 

Mach. & Fdry. Co 
3565 W. 6th St 
Winona, Minn 


Staver Foundry Co 
Box 74 
Virginia, Minn 


Bassett Foundry Co 
Adrian, Mich 


Calumet & Hecla Cons 
Copper Co 
Calumet, Mich 


Engineering Castings, Inc 
405 8. Linden St 
Marshall, Mich 


The Babcock & Wilcox Co 
85 Liberty St 

New York 6,N.¥ 

(Plant: Barberton, Ohio) 


Brake Shoe 

& Castings Div 

American Brake Shoe Co 
109 N. Wabash Ave 
Chicago 4, Til 

(Plant: Melrose Park, Til.) 


Frank Foundries Corp 
2020 3rd Ave 
Moline, Ill 


Griffin Wheel Co 
445 N. Sacramento Bivd 
Chicago 12, Ill 


Wells Manufacturing Co 
7800 N. Austin Avenue 
Skokie, Ill. 


Eagle Iron Works 
129 Holcomb St 
Des Moines, Ia 


Helmick Fdry.-Mach. Co. 
Sth St. & Belt Line 
Fairmont, W. Va 


Carondelet Foundry Co. 
2101 


S. Kingshighway Bivd. 
St. Louis 10, Mo 


Keller Foundry Co. 
1010 E. Jackson Ave 
Knoxville, Tenn 


Arkansas Foundry Co. 
1501 East Sixth St 
Little Rock, Ark 


WESTERN SECTION... 


Eagle Foundry Co 
75 Horton St 
Seattle 4, Wash 


Union Iron Works 
Box 2135 
Spokane 2, Wash 


Caird Engineering Works 
Helena St. & 

Montana Ave 

Helena, Montana 


Pacific Ball Mfg. Co. 
P.O. 106 
Southgate, Calif 


Pacific Foundry Co., Ltd 
3100 19th St 
San Francisco, Calif 


Stanley Foundries 
6009 Santa Fe Ave 
Huntington Park, Calif 


Capitol Foundry Co 
Phoenix, Arizona 


Darbyshire Steel Co., Inc 
P. O. Box 352 

El Paso, Tex 

Texaloy Foundry Co. 


1407 Hoefgen 
San Antonio 3, Tex. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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Transformation Temperature, °F 


Isothermal Transformation of 9% Cr Steel 


Heat analysis: 
Mn, 0.45 Si, 0.28 Ni. 


2Hr 20 Min 


400X 


0.12 C, 8.40 Cr, 0.96 Mo, 0.50 
Austenitized 40 min. 


By Wm. L. Frankhouser 
As-quenched grain size, A.S.T.M. 
to 5. MeQuaid-Ehn grain size 6 


at 1860° F. 
No. 4 


) , 2" 5H, 44min 
400X 
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. In Muskegon, Michigan, a Lindberg pusher 
type furnace carbonitrides bearings for 
military vehicles. 

. In Delavan, Wisconsin, a Lindberg tilting and 
vibrating hearth furnace carbonitrides 
instrument parts. 

. In New York, a Lindberg roller hearth 
furnace carbonitrides in a commercial heat 
treat plant. 

. In Evansville, Indiana, a Lindberg pusher type 
furnace carbonitrides farm machinery parts. 


a complete line of 


CARBONITRIDING 


FURNACES BY 


INDBERG 


Lindberg Engineering Company, builders of 
carbonitriding furnaces for many years, offers a 
full and complete line including tilting hearth, 
vibrating hearth, roller hearth and pusher types. 
Well known manufacturers from all parts of the 
country have turned to Lindberg carbonitriding 
for case hardening production runs of low 
carbon steel parts. 


NEW RADIANT TUBE DESIGN... Lindberg 
carbonitriding furnaces now use a revolutionary 
new type radiant tube. The most important de- 
velopment in furnace construction in years, this 
new tube, tested and proved in Lindberg research 
laboratories, completely obsoletes conventional 
radiant tube design . . . watch next month’s 
issue of this magazine for detailed information 


on this amazing new development in radiant 
tube design and construction. 


TROUBLE FREE ATMOSPHERE GENERATORS 
... The secret of high quality carbonitriding lies 
in the atmosphere. With Lindberg, long the na- 
tion’s largest producer of controlled atmosphere 
generators, you can be sure of precisely the 
correct atmosphere. 


ADVANTAGES. . . Carbonitriding has many 
advantages. It’s an inexpensive, safe, clean proc- 
ess that minimizes distortion. An instructive 
case-history article in a recent issue of “Iron 
Age” quotes production facts and figures based 
on two years’ operation of a Lindberg carbonit- 
riding installation in one of the world’s largest 
heat treating plants. Write for your copy! 


LINDBERG @ FURNACES 


Lindberg Engineering Company 


8424 W. Hubbard Street, Chicago, Illinois 


MAY 1952; PAGE 96-C 











in Money-Saving 


MINUTES 


You no longer lose costly hours . . . delay urgent 





analyses .. . while converting your photomicrographic 

set-up from high to low power, or vice versa. Here's one of 

the time-saving Bausch & Lomb combinations that's fast becoming 
standard equipment: the B&L Research Metallograph and B&L Photo- 
macrographic Equipment Model L. 

Many labs find it more efficient to use these specialized equipments for 
simultaneous studies . . . producing highest quality results. 


THE RESEARCH METALLOGRAPH equips you for the widest range of high 
power visual and photographic analyses . . . with phase contrast, bright 


field, dark field or polarized light. Change-over of illumination is quick 
and simple. 


WRITE 12: intermation on how 


THE MODEL L EQUIPMENT is a complete photomacrographic unit with the complete, adaptable B&L line can 
accessories for all types of low power work. Highest accuracy with both save you man-hours and materials. 
instruments, in routine and critical work, is assured by the world’s finest Bausch & Lomb Optical Co., 63805 
optical systems. St. Paul Street, Rochester 2, New York. 


\e/ Bausch & Lomb naphic Equipment 
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By F. P. Zimmerli, Chief Engineer, Barnes-Gibson-Raymond 


HE ALMOST UNIVERSAL use of springs in 
= all mechanical assemblies is a fact known 
to all of us. It is difficult indeed to conceive 
of a mechanical device in which springs are 
not used, either as part of its mechanism or 
in its production. 

Despite the wide usage, there seems to 
be less available information among metal- 
lurgists regarding spring materials, metallur- 
gical methods employed in manufacturing 
springs, and causes of trouble in springs than 
on any other article anywhere near as useful. 
Some of this stems from the fact that spring- 
making, like other things, was an art before 
a science. Much of it comes from a false 
theory that there is something mysterious 
and very difficult about spring manufacture 
and spring engineering. Lastly, since springs 
are part of a product and not an end product, 
the producers are unknown to the public 
and often also to the metallurgist. 

It will be my endeavor to present the 
facts regarding mechanical springs — which 
cover all springs that can be cold formed 
in an easily understandable paper. For such 
purposes we will define mechanical springs 
as springs formed to any shape at room 
temperatures, with or without subsequent 
heat treatment, and made of any flat material 
1, in. or less in thickness, or rounds % in. 
diameter or less. 

The first thing to consider will be the 
materials most commonly used in fabricating 
springs. The most popular is steel, mostly 
carbon steel, with copper alloys and nickel 
alloys together accounting for less than 5% 
of the total. Let us therefore consider stee! 
springs first. 

Flat Springs — Materials available are 
the oil tempered steels S.A.E. 1095, 1075, and 
1064. Of these, the S.A.E. 1095 should always 
be used pre-tempered, while the other two 
can be obtained annealed. 

Use of oil tempered 1095 (a poorly hard- 
ening steel in heavy sections) is common in 
thin clock springs and simple forms. Rock- 
well hardness will normally correspond to 
three ranges, C-51 to 48, C-48 to 45, and C-45 
to 41. The material has a modulus of elas- 
ticity of 30,000,000 psi. Tensile strength 
varies with the hardness and thickness and 
ranges from 310,000 psi. at 0.005-in. thick- 
ness with the highest temper, to 190,000 psi. 
at 0.065-in. thickness with the lower hard- 


Division of Associated Spring Corp., Plymouth, Mich. 


ness. Many ordinary clock springs are 
stressed to 200,000 psi. in thicknesses of 
fs, in., while springs 0.010 in. thick carry 
250,000 to 275,000 psi. when wound up tight. 
For an ordinary cantilever spring of finite 
life, a stress of 180,000 psi. can be employed. 
If a spring must give extended life, the en- 
durance range varies with thickness. When 
the springs are to be subjected to heat, 
stresses must be lowered as the temperature 


The Metals Used for 
Mechanical Springs’ 


increases until above 400° F. the stress be- 
comes so low as to render this steel useless. 

The other two steels, S.A.E. 1075 and 
1064, can be obtained either pre-tempered to 
the above Rockwell ranges or in the annealed 
state. When used in the hardened state, these 
steels will form better at equal Rockwell 
readings, since the carbon and manganese 
are lower. More uniform results from 
annealed steel, hardened after forming, are 
obtained with S.A.E. 1075. Its drawing 
temperature is higher for the same Rockwell 
hardness than for 1064, and the resulting 
conformation to specified dimensions is more 
accurate. Springs over 1 in. wide and # 
thick should be made of 1075. 

In an endeavor to avoid the “carbon 
extras” charged by the steel mills, some firms 
specify a 0.40 to 0.50% carbon steel for thin- 
section springs. This steel will make some 
forms of clips and parts to work under static 
load when the sections are thin and narrow. 
The practice saves little in the long run, be- 
cause once in a while steel of poor harden- 
ability is received and the resulting defective 
parts will use up the previous savings. When 


« in. 


*The first portion of the 1951 William Park Wood- 
side lecture before the Detroit Chapter, @, entitled 
“Metallurgy in the Mechanical Spring Industry”. This 
first section will discuss the metal used for mechanical 
springs. The second section (to be published later) will 
consider the metallurgical operations in spring manu- 
facture. The last section will describe the cause of some 
failures of springs in service. 
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Round Wire for Springs 


used on sections thicker than 0.035 in., soft 
spots are likely to occur and the steel be- 
comes much more costly, over-all, than the 
real carbon spring steels. 

Flat steel in alloy grades, such as S.A.E. 
6150 or 9260, is infrequently used in mechan- 
ical springs. In thin sections the higher 
hardenability is not needed, and the fatigue 
life does not exceed that of carbon steel. 
They have some uses in springs to resist 
heat where a higher stress is present than 
carbon steel will stand, and the use of more 
expensive nonferrous material is not war- 
ranted. Their use in the thin sections under 
consideration is best defined as “special”. 

Carburizing of Low-Carbon Stock —— Ad- 
dition of carbon to low-carbon steels offers 
new possibilities. With modern gas carbu- 
rizing methods, carbon additions can be made 
and diffused through a ‘-in. section when 
necessary. This has two advantages over the 
usual 1064 or 1075 steel: (a) It can be more 
drastically cold formed and hence offers the 
possibility of more intricate shapes; (b) 
there is an economy in purchasing cold rolled 
low-carbon steel. 

The process of carburizing and diffusing 
has been the subject of many papers. Mass 
production of clutch springs by the Buick 
Motor Division of General Motors Corp. has 
been described by Floyd Harris in June 1948 
Metal Progress. This spring is a corrugated 
Belleville washer, ;; in. thick, and must be 
made of steel that will oil harden in a die 
quench to Rockwell C-60. At the start, 
S.A.E. 1065 steel was employed, and the 
fatigue life was commercially satisfactory, 
but there was considerable loss due to crack- 
ing in forming if the steel were not specially 
annealed, which made the use costly. Ex- 
periments in carburizing and diffusing a very 
low-carbon steel resulted in final choice of a 
steel with around 0.13% carbon. 

Life tests on carburized and diffused 
samples, hardened and drawn to Rockwell 
C-42 to 47 and then shot-peened, were re- 
ported with average carbon contents of 
0.40, 0.52, and as high as 0.75%. 


Springs 
of around 0.45% 


carbon were chosen and 
these will stand 500,000 strokes in a testing 
machine that simulates use. This procedure 
saved up to 10% in labor and 50% in material 
over the 1065 steel. Certainly this is signifi- 
cant and something plant metallurgists should 
keep in mind in view of rising costs. It 
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could be a successful method for many 
shapes that are difficult to cold form without 
cracking when they are made of high-carbon 
spring steel. 

On thinner stock and cheaper springs, 
interesting fields of endeavor are opened. 
Such sections may be restricted to springs of 
limited life. Fatigue tests will be necessary 
to point the way to proper design and metal- 
lurgical control. 

Stainless Steel of the 18-8 type is em- 
ployed in flat springs. This material, if 
heated to 825 to 900° F. after forming, will 
resist the effects of heat much better than 
carbon or alloy steels. It will have a hard- 
ness range of C-38 to 41 and a possible ten- 
sile strength of 180,000 to 200,000 psi. in the 
thinner sizes. Where the shape of the part 
will permit it, the fatigue life will be in- 
creased by shot-peening. Electropolishing of 
either unpeened or peened parts will lower 
the endurance limit by about 10° of the en- 
durance range; passivation in nitric acid will 
do less than half this amount of damage. 


ROUND WIRE FOR SPRINGS 
The cheapest wire for mechanical springs 


is hard drawn wire. 
for this 


Detailed specifications 
material are given in A.S.T.M. 
A227-47; S.A.E. 1066 corre- 
sponds to the chemical composition. If the 
carbon content is 0.60 to 0.71% and manga- 
nese at least 0.80%, and it is drawn to 
definite physical strength, it will be satisfac- 
tory for unimportant springs. During the last 
war, such wire was produced in diminishing 
quantities, and springmakers were urged to 
substitute oil tempered wire, but it is now 
again in production. 


Specification 


Its surface is poor, as 
in the past, so that it is not to be recom- 
mended for springs of long life. 

One of the most common materials is 
called “oil tempered spring wire”. It can 
be purchased to A.S.T.M. Specification A229- 
51, and will approximate S.A.E. 1065 in 
analysis. This wire is made by drawing a 
“patented” wire rod three or four passes, re- 
ducing its resulting cross section 50 to 70%, 
and then heat treating this worked product. 

The word “patented” in the wire indus- 
try means, in simplest language, “continu- 
ously annealed”. Patented wire has been run 
through a controlled heating and cooling zone. 
The wire is heated above the critical range 
and cooled at a rate fast enough to produce 


a “sorbitic” (fine pearlitic) structure. Usu- 





Fig. 1 


(Courtesy Calgon, 


ally several parallel strands of wire are con- 
tinuously pulled through a heating zone 

for example, a lead pot or furnace —- and 
cooled in a second lead pot or under a hot 
bed of pulverized coke. The speed the wire 
moves is adjusted, with both heating and 
cooling temperatures, so as to attain the 
desired structure. The resulting microstruc- 
ture will draw well, and the wire will be 
round and uniform, whereas a coarser pearl- 
After 
drawing to finished size, the heat treatment 
(oil tempering) consists of continually pass- 
ing the wire through « heating medium for 
example, a lead pot 20 to 25 ft. long — then 
into an oil quench, whence the wire enters a 
drawing furnace 


itic structure will not draw evenly. 


most often another lead 
’ starts as 
hot rolled rounds of high-carbon steel which 


are “patented” in two lead pots, the first one 


pot. In brief, “oil tempered wire’ 


at high temperature for austenitizing, the 
second at subcritical temperature for temper- 
ing; this wire is then cold drawn to required 
size and high ultimate strength; finally the 
wire is oil quenched and then tempered. 

It is obvious that temperatures in use 
depend upon the wire speed and that this 
speed must be so adjusted that the wire is 
well over the critical range when quenched, 
and yet slow enough for the wire to be tem- 
pered to the correct tensile and hardness 
values. In leaving the quenching oil, the 


Multiple-Die Wiredrawing Machine With Splash and is used on 
Cover Opened and Interior Hluminated to Show Passage 


of Wire Through the Dies. Inc.) 


Valve-Spring Wire 


wire is hot and must be so to avoid 
cracking. The oil flashes and burns, 
indicating a _ wire 
350° F. 
steel long before the term “martemper- 
ing” was used or the value of the 


temperature over 


This process was martempering 


process demonstrated for other steel 
parts. In truth, here the art had out- 
stripped the science 

This oil tempered wire has a mod- 
ulus in bending of 30,000,000 psi. and 
11,500,000 in torsion. 


design possibilities can best be expressed 


The engineering 
in curves, which will appear in the 
This 
steel is not used in critical positions 


second installment of this article. 


because of its poor surface. 
Valve-Spring Wire is the highest 
quality, oil tempered, carbon steel wire, 
most valve gearing 
in internal combustion engines. The 
specification which best covers this is 
A.S.T.M. A230-47; the chemical compo- 
sition is S.A.E. 1064. Thus, it is chemically 
similar to ordinary oil tempered wire, and its 
heat resistance is identical. Thereafter all 
This, the best of the oil 
tempered carbon steels, is produced by slow 
rolling the hot rod to the desired size; then 
this rod is double-lead patented, that is, 
heated continuously to the annealing tem- 
perature in one lead bath and quenched in 
another lead bath between 900 and 1200° F. 
After cleaning and baking, the wire is re- 
duced in diameter 70% maximum and then 
heat treated in the continuous process. Every 
precaution is taken not to scratch the surface, 
to prevent decarburization, and to obtain 
uniform solution of the carbides in the heat- 
ing cycle. 


similarity ceases. 


It is because of surface conditions 
and uniform heat treatment that valve spring 
wire gives high endurance limits consistently. 
This is the wire to use in all important com- 
pression springs, since its fatigue limits are 
well known. 

Before 1941 some of this material was 
made here from imported Swedish rods, and 
a smaller volume of finished wire was im- 
ported. The war shut this supply off, but 
American steelmakers produced the desired 
rods for the wire mills, and it was not long 
before our fatigue tests showed higher limits 
than the previously imported steel had. Re- 
sistance to load loss due to heat was better 
in the American product. On a quality basis, 
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Alloy Steel Spring Wires 


imported steel has nothing new to show to 
date, but it is a satisfactory material and if 
the price is right it will be used in volume 
production. All springs of pre-tempered wire 
should be heated to 750° F. after forming 
for best results in both fatigue resistance 
and withstanding load losses due to temper- 
ature increases 

Music wire is built to Army, Navy, and 
Air Force specifications which are basically 
a copy of A.S.T.M. A228-47. Music wire is 
the highest quality cold drawn wire made; 
wire is patented and drawn dry, repatented 
and drawn wet through the last few dies 
until the right size is reached. The liquid 
contains tin salts, and puts a slight tin de- 
posit on the wire which lubricates its passage 
through the dies. Music wire is reduced 
about 80° in eight to ten passes. The re- 
sultant product is very smooth and has a high 
tensile strength. After forming into springs, 
if heated to 375 to 425° F., it will actually 
increase in hardness and tensile strength. If 
heated to 700 to 725° F., the physical values 
drop slightly, but the resistance to heat in- 
creases and the fatigue range is raised and 
made more uniform. Its fatigue values and 
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resistance to load loss under heat are about 
like valve spring wire if the formed springs 
are stress-relieved at 750° F. 

Music wire should be used on most me- 
chanical springs having wire size less than 
0.028 in. It can be used up to %& in. in 
many places where its finish and physical 
strength are necessary. Music wire can be 
procured up to % in., but between 4g and 
', in., its value (compared to valve spring 
wire) is doubtful. Many oil tempered, alloy 
steel wires are obtainable with equal or 
superior physical properties at less cost. 


ALLOY STEEL WIRES 


6150 — One of the common alloy steels, 
A.S.T.M. Specification A232-47, correspond- 
ing to S.A.E. 6150, is called simply “chrome- 
vanadium” by the spring industry. This 
material can be obtained either oil tempered 
or annealed, in valve spring quality. When 
made into valve or gun springs, the best 
possible product will result from using the 
pre-tempered material. The high harden- 
ability of 6150 and the small sections we are 


considering often result in hardening cracks, 


Fig. 2 Exit of Patenting Furnace and Entrance 
to Lead Quench Tank at American Steel & Wire 
Co.’s South Works. (Courtesy U. S. Steel Co.) 





which magnetic 
times overlook. 


particle inspectors some- 


For springs of high endurance, this 
material is usually purchased at Rockwell 
C-44 to 49, while for extreme stresses where 
a short life can be anticipated, this hardness 
is increased to Rockwell C-50 to 53. In the 
sizes under consideration (*%, in. or tess) 
S.A.E. 6150 has no higher endurance limit 
than plain carbon steel of valve spring qual- 
ity; it does, however, produce springs that 
settle less under temperatures up to 425° F. 
Many airplane engine valve springs were 
made of it in this country during the war. 
Gun springs of higher hardness are not so 
brittle as an equally hard piece of carbon 
steel — hence its use. In temperature resist- 
ance or in absorbing the shock of gun recoil, 
chromium-vanadium steel is inferior to either 
chromium-silicon or silicon-manganese steel 
by a considerable margin. 

S.A.E. 9254, or chromium-silicon steel, 
is one of the best of the alloy spring steels. 
Given equal metallurgical conditions, it will, 
under stress and heat, lose much less load 
than chromium-vanadium. Type 9254 can be 
used at higher hardness than 6150 without 
breakage. For gun springs, it is obtained in 
the oil tempered state at Rockwell C-50 to 54. 
This corresponds to 325,000 psi. ultimate 
and 50° reduction of area in wire size of 
0.035 in., decreasing to 265,000 psi. and a 
42% reduction in For valve 
springs or use in automatic transmissions 
(where its heat resistance is excellent) C-47 


%e-in. wire. 


to 51 is often employed, since at 350° F. and 
below the higher Rockwell is not necessary, 
and the softer wire handles more easily. 

Chromium-silicon steel is harder to draw 
with a good surface than carbon steel, and 
since its endurance limit is the same at room 
temperature, 9254 offers little advantage for 
valve springs for lower temperatures, say 
275° F., and where impacts with consequent 
high stresses are not encountered. When 
chromium-silicon steel is used in the an- 
nealed condition, and hardened and tempered 
after coiling or forming into the desired 
spring shapes, it is desirable to “Magnaflux” 
for hardening cracks or other surface 
imperfections. 

One great value of S.A.E. 9254 is its 
ability to perform at extremely high stresses 
and hardness. For short life-—5000 to 
100,000 compressions — it will give excellent 
results, the life depending upon loading 
conditions. It can be coiled into springs 


High Alloys and Stainless 


with a 5 to 1 ratio (mean diameter of spring 
to wire size) at Rockwell C-52. 

9260 — Silicon-manganese steel, S.A.E. 
9260, had a great development in the smaller 
wire sizes during World War I. With C-50 
to 54 hardness, a tensile value of 300,000 psi. 
with 50% reduction in area in 0.035-in. size 
can be obtained. 
% in., the tensile will drop to 250,000 psi. 
and reduction in area to 42%. 
be used 


As the size increases to 


The steel can 
interchangeably with chromium- 
silicon steel, giving practically the same re- 
sults if all conditions are equal. It must be 
noted, however, that the wire mills do not 
like to draw this steel as well as any of those 
previously listed. The surface is usually 
poorer in the order named, but the notch 
sensitivity of the silicon-manganese (or 
chromium-silicon) steels is less than either 
-arbon steel or chromium-vanadium steel. As 
a result, the fatigue stress ranges of accept- 
able 9260 material are equal to the other 
steels as tested at room temperature. The 
flaws the metallurgist usually encounters in 
either of these latter steels are traceable to 
drawing troubles in the wire mill and to 
hairline seams which are more prevalent 
than in carbon steels; hence 9260 should be 
Magnaflux inspected. 

Higher Alloys— When springs must 
withstand elevated temperatures, the best re- 
sults to date have been obtained with steels 
having the highest carbide concentration. 
Thus, 18-4-1 tungsten high speed steel and 
the 6-6-2 molybdenum type are equally good. 
Such springs can withstand a total combined 
stress of 40,000 psi. at 700° F., and, by cut- 
ting this stress in half, springs withstanding 
800° F. have been produced successfully. In 
any event, a double draw to temper any 
residual martensite is essential. Usually one 
draw at 1050° F. and cooling to room tem- 
perature followed by another at 1100° F 
give the best results. 

Stainless Steels have been used with 
varying success; several analyses have been 
tried. To date, the best steel is S.A.E. 30302, 
or A.LS.1. Type 302 (18-9 with 0.08 to 0.20% 
C). Cold drawn wire from a minimum of 
0.003 in. up to sizes of > in. is obtainable. 
Larger wire for mechanical springs has not 
been demanded in any volume. The tensile 
strength varies from a minimum of 350,000 
psi. for the small size to 160,000 psi. for the 
*;-in. This austenitic steel, when not 


. will 
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Nonferrous Spring Alloys 


grounded or in electrical contact with copper 
alloys in the presence of halides, is very re- 
sistant to corrosion. Its stress range* is 
about 20° 


sizes of 


less than valve spring wire for 
§y in. or less, and about 30 less 
as sizes increase to (5, In. 
strength at moderate heat, and if properly 
treated and pre-set after forming into the 
springs themselves, will set less than steels 
other than high steel at 500° F. 


(Numerical data are contained in the second 


It shows good 


speed 


section of this lecture.) 

The amount of set at 600° F. sometimes 
precludes its use for accurate springs. One 
trouble is that its modulus varies with dif- 
ferent wire mill practices. The higher the 
springs or other parts are heated after form- 
ing, the more this fault is corrected, and the 
closer the steel approaches a true modulus of 
28,000,000 psi. in bending or 10,000,000 psi. 
in torsion. At no time should this stress 
relief be lower than 825° F., and 1000° F. will 
not harm the physical properties. 

Stainless steel is not nonmagnetic, de- 
spite its being listed as an austenitic steel. 
The smaller the wire or the thinner the flat 
sections, the surer it is to be magnetic, since 
the work of drawing or rolling causes some 
transformation to martensite. 

There is one stainless steel that has the 
same modulus as steel, and this is the 16-2 
Cr-Ni, Type 431. Its use has been somewhat 
limited as long as 18-8 is available, because 
the price differential is not very great. Ad- 
dition of 2 to 3% molybdenum to 18-8 gives 
Type 316, much used by the Navy because of 
enhanced resistance to corrosion in salt 
water and to electrolytic action. The molyb- 
denum addition causes stainless steel to work 
harden much faster, so the tensile strength 
of the stock cannot be as high as 18-8 if bad 
bends or small ratios of spring diameters to 
wire size are encountered. Slightly lower 
stresses are therefore advisable. 

Heat treatable stainless steels have come 
into considerable use in the spring industry. 
Typicai of these is a 17-7 precipitation hard- 
ening steel (17-7PH or Stainless W, as it is 
known). It is available in both flat and wire 
sections, mill treated and cold worked so that 
a simple heating after forming will induce 
spring properties. Chemical compositions are: 


*Stress range is considered as the difference be- 


17-7PH 
0.09 max. 
1.00 max. 
0.04 max. 
0.03 max. 
6.50 to 7.75 


16.00 to 18.00 


STAINLESS W 
Carbon 
Manganese 
Phosphorus 
Sulphur 
Nickel 
Chromium 
Titanium 
Aluminum 
Silicon 


0.12 max. 
2.00 max. 
0.04 max. 
0.04 max. 
6.00 to 8.00 
16.00 to 18.00 
1.00 max. 
1.00 max. 
1.00 max. 
950° F. 
Tensile strength (depending on wire size) is 
260,000 to 345,000 psi. for 17-7 PH, and 195,000 
to 245,000 psi. for Stainless W. 

These steels are slightly magnetic and 
the resistance to heat under stress is about 
like 18-8, Type 302, the 17-7 PH being slightly 
greater and Stainless W slightly lower. 


0.75 to 1.25 
1.00 max. 


Draw Temperature 850° F. 


NONFERROUS SPRINGS 


Copper Alloys 
per alloys used for springs, phosphor bronze 
is perhaps one of the most useful. 
brass also played a prominent part — witness 
many of the old-fashioned clocks and lock 
mechanisms still functioning. A newer alloy 
much used in the last decade is beryllium 
copper; it has many excellent properties but 
is more expensive than the others. The sili- 
con bronzes are similar to phosphor bronze 
in many respects and are somewhat cheaper 
due to the use of silicon instead of tin. All 
of these metals can be obtained in flats or 
wire; chemical analysis is the same for either. 


Of all the common cop- 


Formerly, 


The maker of mechanical springs uses 
two phosphor bronzes designated as Grade A 
and Grade C, as specified in A.S.T.M. B103- 
44 for flats, and B159-44T for wire. Grade 
A has about 4.5% tin and Grade C 8%. The 
best physical properties occur with the 
greater tin content. Phosphor bronze owes 
all its strength to the cold working that goes 
into producing it. Therefore, the best spring 
would be made from an “extra spring tem- 
per”, if the part can be fabricated from it, 
but often parts made from both wire and flat 
have such sharp bends that a lower tempert 
or hardness must be employed. The usual 
alloy is Grade A; at present Grade C is 
avoided due to the tin shortage. When both 
alloys are equally available, Grade A will 
usually be preferred because, unless extra 
strength is essential, it costs less per pound 
of usable tensile strength. 

Since the phosphor bronze shapes are 
fabricated by cold drawing or rolling and do 


tween the minimum and maximum stress value, as cal- 


culated in psi., to which a spring is subjected. +See Footnote on opposite page. 
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not respond to any heat treatment except 
annealing, many of the parts are simply 
formed (stamped or coiled) and shipped 

a poor practice of springmaking. The man- 
ufacturer has not realized that, while the 
alloy might not respond to heat, the stresses 
trapped in the parts would. A stress relief 
of 325 to 350° F. after fabricating will stop 
much so-called drift, or spring settling, and 
should be a routine matter for important 
springs. The metallurgist should also re- 
member that the beneficial effects of shot- 
blasting are not confined to steel and can be 
applied to phosphor bronze with excellent 
results. Our tests at Barnes-Gibson-Raymond 
show that a compression spring that would 
have only a 20,000 to 35,000-psi. stress range 
under 10,000,000 cycles can easily be im- 
proved by shot-blasting to a range of 20,000 
to 50,000 psi. Phosphor bronze does not 
withstand elevated temperatures very well 
and should not be used in service above 225° 
F. at stresses over 20,000 psi., even after the 
325 to 350° F. stress-relieving treatment. In 
many electrical uses, for static spring load- 
ing, and in places where the loading is infre- 
quent, phosphor bronze compression springs 
are stressed 50,000 to 80,000 psi., depending 
upon wire size. In bending stress, this cor- 
responds to 100,000 to 150,000 psi. 

Ordinary brass (copper-zine alloy) is 
gradually being displaced as a spring material. 
The conventional analysis is 64 to 72% copper 
with the balance zinc. It is 
processed by cold drawing 
and cold rolling and is used 
to resist corrosion in places 
where a very cheap non- 
ferrous material ‘s needed. 
The elastic limit in bending 
is around 40,000 to 60,000 
psi. and in torsion around 
25,000 psi.; the static work- 
ing stress is a maximum of 
40,000 psi. 
poor resistance to setting 
under load when the spring 
is heated a little, and is not 
of much use above 215° F. 

Beryllium Copper is one 
of the newer copper alloys, 


Brass has very 


but even so, its commercial 
use is at least 12 years old. 
It consists of about 2% be- 
ryllium in copper; A.S.T.M. 
Specification B120-41T 
gives the permissible chem- 


Fig. 3 
Clean Hardening Springs in Special Prepared Gas 
Atmosphere. 


Brasses and Bronzes 


ical analysis and lists typical properties. Its 
most valuable quality is the fact that it can 
be formed cold in the soft state and hard- 
ened by a simple heating between 525 and 
725° F. The metallurgical 
known. The 


theory is well 
alloy has previously been 
quenched from 1450°F. in water with the 
result that the copper-beryllium compounds 
are held in solid solution by the copper. 
Precipitation of these insoluble materials 
does not occur at room temperature so the 
metal can be shipped dead soft as quenched, 
or after various amounts of cold work. Pre- 
cipitation from solid solution does occur on 
mild heating (aging) and the metal hardens 
up to Rockwell C-38 to 42. The more cold 
work the material has received after the 
quenching, the shorter the heat treatment 
needed. It is best, therefore, to make parts 
from as hard a sheet or wire as can be 


*Temper as used by the spring industry on non- 
ferrous materials denotes the amount of cold work. The 
S.A.E. lists six different hardnesses for most of these 
materials; the A.S.T.M. lists five to seven different hard- 
ness ranges, depending on the alloy. 

Temper in steel refers to hardness ranges in wire 
from C-37 to 54, depending on type and use. Flat steel 
can be obtained to similar limits. A range of four Rock- 
well points is commercial practice for example, C-37 
to 41. All steels are also produced in the annealed states 
with Rockwell B-75 to 90. There is no gradual increase 
from soft to fully hard material as in nonferrous metals. 


Continuous Pusher-Type Furnace Used for 


(Courtesy Surface Combustion Corp.) 
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Beryllium Copper for Springs 


formed; lower temperatures and less time 
will be required for hardening, and distortion 
will be minimized. 

Beryllium copper is the best electrical 
conductor of any alloy made into springs at 
anywhere near its hardness. With the advent 
of an will increase 
markedly. It the 
copper-base spring materials and has better 


electronic age, its use 


is stronger than other 
fatigue resistance. (It does not compare with 
steel in fatigue life, except under conditions 
where steel is corroded and beryllium copper 
is not; nor does it resist the combined effects 
Like all 
copper-base alloys, beryllium copper will not 


of heat and stress as steel does.) 


resist corrosion by sulphides which are pres- 
It resists the common 
acids, salts, sea water and fresh water just 
about as well as pure copper. 


ent in some waters. 


Like copper, 
it will induce galvanic corrosion when con- 
nected to small areas of brass, zinc, alumi- 
num, or iron, but to no greater extent than 
Beryllium copper deteriorates 
badly when exposed to halides at slightly 
elevated 


copper itself. 


cannot be 
used in contact with exhaust gas from high 


temperature; hence, it 


lead bromides. 
Some springs are made of beryllium cop- 


octane fuels, which contain 
per which has been cold worked to reason- 
able spring properties and not subsequently 
aged. 


rial”. 


This is miscalled “pre-tempered mate- 
It does not give the results which the 
proper heat treatment develops; some trou- 
bles have arisen from expecting heat treated 
performance from cold worked material, or 
structure which 
precipitates unevenly, sometimes with large 
particles of the beta compound around the 
grain boundaries 


from a poorly quenched 


Table I — Chemical Composition 


The stress range in torsion of the alloy 
for 10,000,000 compressions is in the neigh- 
borhood of 25,000 psi. when not shot-blasted 
and with curvature. 
Actual results on 0.148-in. wire springs hard- 
ened (aged) by heating 1 hr. at 625° F. gave 
10,000,000 compressions from 20,500 to 40,500 
psi. when not shot-peened, and 10,000,000 
compressions from 19,700 to 60,200 psi. when 
peened (with the stresses 


stresses corrected for 


-alculated as be- 
After peening, a 400° F. 
heating for 30 min. on springs from the 
a 22,400 to 78,000-psi. stress 
range. Higher loading caused set and a short 
life. It would therefore be possible, where 
long life is not a factor and springs are not 
peened, to go to a torsional stress of 70,000 
psi. (or around 85,000 psi. corrected); for a 
fatigue life the 
should be adhered to. 

“Spring Bronze” — The producers of 
copper-base spring materials have put out 
under various trade names a 


fore for curvature). 


same lot gave 


long values given above 


. 


‘spring bronze” 
which, when analyzed, is found to have about 


3% silicon. Some mills use up to 1% 
ganese, while others add 0.5% tin. Usually 


these copper alloys, which might more prop- 


man- 


erly be called silicon bronze, are sold as 
“bronze” for less money and are frequently 
advertised to be just as good as phosphor 
bronze. This is not strictly true, but the 
material can be used in many places just as 
well as phosphor bronze. 

The 
bronze is about that of copper. 


silicon 
The physical 
properties as listed by the various producers 
show it to be but slightly lower than Grade A 
phosphor bronze. Specifications for wire and 
sheet are in the A.S.T.M. Standards. The 
modulus is 15,000,000 psi. in bending and 
5,000,000 psi. in torsion 


corrosion resistance of 


It can usually be 


Nickel Alloys for Springs 





Iron 





Nickelt 
Copper 
Chromium 


Manganese 2.0 max. 
Carbon 0.3 max. 
Silicon 
Sulphur 
Aluminum 
Other metals 


MoNEL “K” MoNEL INCONEL 


63.0 to 70.0 
Remainder 


63.0 to 70.0 
Remainder 


72.0 min. 
0.50 max. 
14.0 to 17.0 
10.0 max. 
1.0 max. 
0.15 max. 
0.50 max. 
0.02 max. 


2.5 max. 2.0 max. 
1.5 max. 
0.25 max. 
0.5 max. 1.0 max. 
0.02 max. 
0.05 max. 


1.0 max. 


Ti 2.25 to 2.75 


Cb 0.70 to 1.20 


INCONEL “X” DURANICKEL* PERMANICKELT 


70.00 min. 
0.20 max. 
14.0 to 16.0 
5.00 to 9.00 
0.30 to 1.00 
0.08 max. 
0.50 max. 
0.01 max. 
0.40 to 1.00 


Remainder 
0.25 max. 


Remainder 
0.25 max. 


0.60 max. 
0.50 max. 
0.40 max. 
0.35 max. 
0.01 max. 


0.60 max. 
0.50 max. 
0.30 max. 
1.00 max. 
0.01 max. 
4.0 to 4.75 is - 
0.60 max. Mg 0.20 to 0.50 
Ti 0.20 to 0.60 








*Formerly designated as “Z” Nickel. 
+Formerly designated as “Z” Nickel, Type B. 
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tIncludes small amounts of cobalt. 





obtained in any wire size or gage thickness 
from 0.003 in. up. Strain relief after form- 
ing is similar to that for phosphor bronze, 
since the material is cold drawn or rolled in 
a like manner. Maximum temperature for 
stress relief is 450° F., and 350 to 375° F. will 
be found most useful. : 

Nickel Brasses— The “nickel-silver” 
alloys or “german silver” as they are some- 
times known, are alloys of copper, zinc, and 
nickel. Since the major element is copper, 
we class them as copper-base alloys, despite 
the nickel content which runs from 10 to 
30% in the various mixtures. One of the 
common spring alloys has 18% nickel, 25% 
zine, and about 56% copper. Tensile values 
are between 135,000 and 150,000 psi., with 
Rockwell hardness of B-95 to 100. This ma- 
terial has better qualities than brass and is 


Wickel and Its Alloys 


“K” Monel is an age hardenable alloy 
and is better than Monel for some uses in 
that it is nonmagnetic. It responds to cold 
work as does Monel. To have strengths of 
160,000 to 180,000 psi., the alloy can be cold 
worked and then heat treated at 1000° F., 
held at this temperature for at least 6 hr. 
and cooled slowly to 900° F. at not over 15° 
per hr. The length of this heat treatment 
might count against the alloy, but it must be 
remembered that it can be cold drawn to 
spring temper with physicals but slightly 
lower. (Such parts should be stress relieved 
at from 575 to 650° F.) “K” Monel will stand 
a temperature of 500° F. when subjected to 
moderate stresses. 

Inconel is another alloy that responds to 


used mostly where its silver color is desired. 
It is quite corrosion resistant, but there are 
many alloys even more resistant, so that it 
does not have extensive use in this field. 


cold work. It is more resistant to heat and 
corrosion than any other nickel alloy. At 
reasonable stresses, temperatures of 650° F. 
are permissible, while recent tests have indi- 
cated the possibility of using the material 
at 900° F. under special conditions if some 
set is allowable. All Inconel springs should 


NICKEL ALLOYS 


Much progress has been made by the 
spring industry in the use of nickel alloys, 
despite continued shortages of this strategic hardenable nickel alloys. See also: 
metal during the last 10 years due to war “Relaxation Resistance of Nickel Alloy Springs”, by 
demands. The most popular alloys are listed B. B. Betty, E. C. MacQueen, and C. Rolle, A.S.M.E. 
in Table I together with their chemical Transactions, Vol. 64, 1942, p. 465-473. 
composition.* “Elinvar Hairsprings for Watches, a Triumph for 
Metallurgy and Mechanics”, by G. E. Shubrooks, Metal 
Progress, Vol. 21, February 1932, p. 58-63. 

“New Spring Formulas and New Materials for Spring 
Scales”, by M. F. Sayre and A. V. DeForest, A.S.M.E. 
Transactions, Vol. 58, 1936, p. 379-387. 


* Metal Progress for April 1951 carried an article by 
W. A. Mudge which outlines all the proprieties of age 


Physical properties of the spring temper 
in wire form are given in Table Il. Flat 
stock will not have as high values. 

The applications of Monel metal 
for springs in corrosive 
surroundings are very 
common. In this it is 
one of the best :naterials 


Table Il — Minimum Tensile Strength in 1000 Psi. of Spring Temper Wire — 
Maximum not to Exceed Minimum by Over 25,000 Psi. ‘ 





DURANICKEL AND 


available and much used “K" Monel aan & 
Wire AND Rop ERMANICKEL 


around food products. It MoNEL! INCONEL* 
yo : , DIAMETER PT =r" 
is slightly magnetic, and As 


its resistance to tempera- 


AGE AS AGE 
Drawn | Harpenep | Drawn | HARDENED 
ture and stress is quite 
good if the temperature 
is 400° F. or less and the 
stress is not over 45,000 
psi. in torsion (corrected 
for curvature) or 80,000 
psi. in bending. Hardness 
runs from C-23 to 28 on 
spring tempers. Monel 
springs are heated from 
575 to 650° F. after form- 
ing for stress-relief. 


To 0.028 in. 160 185 5 180 170 205 
Over 0.028 to 0.057 160 185 45 180 165 200 
Over 0.057 to 0.114 150 175 5: 175 160 195 
Over 0.114 to 0.229 140 170 170 155 190 
Over 0.2294 to 0.312 140 165 ‘ 170 150 190 
Over 0.312 to 0.375 135 160 3: 170 145 190 
Over % to vs 130 155 2: 165 135 185 
Over vs to % 130 155 2 160 130 180 
Over % to % 120 155 g 160 125 170 











*Inconel “X” to %-in. dia. has the following tensile strength: 


As DRAWN 
135,000 to 165,000 psi. 
200,000 psi. min. 


AGE HARDENED 
165,000 psi. min. 
230,000 psi. min. 


No. 1 temper 
Spring temper 


MAY 1952; PAGE 105 








Materials for Mechanical Springs 


receive a stress-relief at 900° F. for at least 
lhr. They will be Rockwell C-30 to 40 hard, 
as the size goes from %-in. wire downward 
or %-in. sheet and thinner. 

Inconel “X” is a similar alloy that will 
respond to heat treatment. This material is 
given a solution treatment at approximately 
2000° F. before cold working various amounts 
up to 75% reduction in area. A simple re- 
heating at 1200°F. for 4 hr. will harden the 
alloy. Use of higher temperatures for a 
shorter time is also satisfactory, but in any 
event the required time will vary with the 
amount of cold work the material has re- 
ceived. The properties in the footnote of 
Table II are after a 4-hr. treatment. 

Duranickel occupies a place between “K” 
Monel and Inconel. It can be cold worked 
and heat treated. Prior to age hardening, the 
mill must give the material a solution treat- 
ment by quenching from 1950° F. After aging 
for 4 to 8 hr. at 900° F., depending upon the 
hardness and size of the part, physical prop- 
erties will come up to those listed in Table II. 
It can, however, be readily used as-drawn 
for many springs. Duranickel will stand 
higher stresses than Inconel if the tempera- 
tures are less than 500° F. but above 550° F. 
this material is of less use. Duranickel is 
about as corrosion resistant as pure nickel. 

Permanickel is somewhat similar in 
composition and praperties to Duranickel. It 
has somewhat better electrical and thermal 
conductivity. 

One of the important alloys of nickel is 
called Elinvar. It is used for accurate scale 
springs, hairsprings, watches, Bourdon tubes, 
tuning forks, and similar installations, be- 
cause of its constant modulus at all temper- 
atures from —150 to +300°F. There are 
several Elinvars available, but most of their 
compositions will fall into the range: 

Nickel 33.0 to 35.0 
Iron 53.0 to 61.0 
Chromium 4.0to 5.0 
Tungsten 1.0to 3.0 
Manganese 0.5to 2.0 
Silicon 0.5to 2.0 
Carbon 0.5to 2.0 


The alloy is austenitic and can only be 


hardened by cold work. As a result, the 
elastic limit is about 45,000 psi. and in use 
Elinvar is limited to stresses considerably 
under this. It possesses great resistance to 
oxidation and corrosion, is immune to mag- 
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netic effects, and has very low thermal ex- 
pansion. Thus, it becomes an ideal material 
for precision springs. 

Another alloy known as “Ni-Span-C” is 
also used where a constant modulus is needed. 
The analysis is varied with the temperature 
range to be encountered. A complete de- 
scription and the properties of this material 
are given in a bulletin put out by the H. A. 
Wilson Co., of Newark, N. J. 

A patent, No. 2,524,660, assigned to the 
Elgin Watch Co., has been issued for what 
that firm now calls “Elgiloy”; a similar 
material is called “Cobenium” by Wilbur B. 
Driver Co. These are precipitation hardening 
alloys. From the patent, we find: 

AtLoy No.1 ALLoy No.7 

Cobalt 45.0 31.0 

Chromium 22.5 23.0 

Molybdenum 7.0 6.0 

Nickel 15.0 35.0 

Iron 8.5 4.5 

Manganese 2.0 0.80 

Carbon 0.09 0.09 

Precipitation hardening is accomplished 
by a simple heating to 900° F. after the 
solution treatment above 2000° F. This ma- 
terial is of value because it is nonmagnetic 
and very corrosion resistant. These are ex- 
cellent qualities for watch springs. Our 
tests in Barnes-Gibson-Raymond’s laboratory 
on the small quantity we had did not bear 
out the claims for an extremely high fatigue 
life — that is, millions of loadings at extreme 
stresses. It will be interesting to see if 
17-7 PH can do well enough at less cost. 

For special instrument springs, glass 
and quartz filaments have been employed. 
These will withstand corrosion from almost 
any medium. Their elastic properties are 
excellent, and there is very low hysteresis. 
At present their production is limited, for 
their manufacture is something of an art. 

The use of plastics in mechanical springs 
has not been great. This is because a spring 
made of present-day plastic is plastic rather 
than elastic. Some toy parts have been pro- 
duced where the spring is quickly released. 
A plastic spring, if held long in one position, 
tends to assume that position and hence to 
be useless as a spring. 

On some machinery where corrosion is 
to be expected and many kinds of vibrations 
will be encountered, wood becomes a spring 
material. On a bean thresher, for example, 
a thin hickory stick is a better spring mate- 
rial per dollar expended than steel. 6 
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Extra-Low-Carbon STAINLESS STEEL 


New Type Chromium-Nickel Steels 
Have Added Corrosion Resistance 


New and improved austenitic stainless 
steels of the 18-8 type have been developed 
which have superior corrosion resistance 
after being exposed to heat. These steels, 
known as extra-low-carbon stainless steels, 
were designed especially for use in welded 
and stress-relieved equipment that is ex 
posed to more severe corrosive conditions 
than are normally encountered by other 
types of straight 18-8 stainless steel 

Under severe corrosive conditions, inter 
granular attack may occur In some ot 
the higher carbon grades of austenitic 
stainless steels that have been subjected to 
the temperature range of 800 to 1600 deg. 
F. during welding or hot forming opera 
tions. It is generally agreed that this type 
of corrosion is caused by complex carbides 
that are formed at the grain boundaries 
of the stainless steel during heating 

The effect of heat is rarely harmful in 
the ordinary fabricatiin of stainless steel 
for most applications, such as in architec 
ture, the food and dairy industries, in hos 
pitals, and in the home. However, in the 


chemical and other allied industries, where 
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Fig. 1 Left: Carbide precipitation at the 
grain boundaries of an 18-8 stainless steel 
containing 0.059 per cent carbon, after 
being held at 1200 d F. for 1 hour 
Right: Absence of carbide precipitation in 
18-8 stainless steel of 0.03 maximum 
carbon content, after being held at 1200 
deg. F. for the same length of time. 





stainless steel is used in the handling of 
very corrosive chemicals, these new extra 
low-carbon stainless steels should most 
certainly find wide use. 

In general, there are three ways in 
which the precipitation of carbides can be 
controlled in stainless steel 


1. Heat-treating so that the carbides pres- 
ent are dissolved 
Alloying with an element. such as col 
umbium, tantalum, or titanium, that 
will tie up the carbon in the form of a 
harmless carbide 


Decreasing the carbon content of the 


steel. 


Fig. 2. 


stainless steels are especially suited for 


The new extra-low-carbon 


large types of process equipment, suc h 
as this fractionating tower. They re- 


quire no heat-treatment after welding. 


Heat-Treatment After Welding 


Before the development of extra-low 
carbon stainless steel, or of the “stabilized 
grades,” one means for preventing inter 
granular corrosion was to heat-treat stain 
less steel that had been subjected to the 
dangerous temperature range, so that the 
precipitated chromium-carbides would go 





back into solid solution. It was found that 
when a welded part was he ated to te mper 
atures of 1950 to 2000 deg. F., and then 
cooled rapidly, most of the carbides were 
retained in solid solution. This extra heat- 
treatment is sometimes impractical, how- 
ever, because of the design or massive size 
of some types of welded equipment 


Decreasing Carbon Content 


A recent development in preventing 
intergranular corrosion has been the extra- 
low-carbon stainless steels. To be substan 
tially harmless in stainless steel for as 
welded or welded and stress relieved chem 
ical equipment operating at temperatures 
under 700 deg. F., carbon must not be 
present in quantities over 0.03 per cent. 

In 1937, ferrochrome with 0.03 per cent 
maximum carbon was first produced for the 
steel industry by Erecrromer. This prod 
uct has helped make it possible to produce 
very-low-carbon stainless steels—steels that 
are completely immune to intergranular cor 
rosion after welding or after subjection to a 
stress-reliev ing heat-treatment 

The amount of stabilizing element that 
is necessary to “fix” carbon in stainless steel 
is in direct proportion to the carbon con 
tent of the steel. Therefore, the lower the 
carbon the less is the amount of stabilizing 
element required. Lowering the carbon con 
tent is an efficient means of conse rving 


columbium, tantalum, and titanium 


Metallurgical Service Available 


If you use welded stainless steel equip 
ment, it will pay you to investigate the 
advantages of using extra-low-carbon steels 
If you produce stainless steel, our metal 
lurgists will be glad to give you technical 
assistance in the use of ferrochrome of 
0.03 per cent maximum carbon. For 
further information, write to the nearest 
Evectrromer office 

For a more detailed account of the prop- 
erties of extra-low-carbon stainless steel, 
write for a free copy of the technical paper, 
“Resistance to Sensitization of Austenitic 
Chromium-Nickel Steels of 0.03°% Max. 
Carbon Content” 


mark of Union Carbide and Carbon Corporation 
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Personal Mention 
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Lloyd R. Cooper 


Lioyp R. Cooper @, director of 
research of Heppenstall Co., Pitts- 
burgh, has been appointed chief 
metallurgist of the plant at Eddy- 
stone, Pa., which Heppenstall is 
reactivating in connection with 
the U. S. Air Force expansion 
program. Mr. Cooper joined Hep- 
1942 as engineer of 
tests at the Eddystone plant, then 
being operated for the U. S. Navy, 
and was transferred to Pittsburgh 
as research metallurgist in 1944. 
He became acting director of re- 
search in 1946 and director in 1948. 


penstall in 


Norman A. Matthews @, for- 
merly division metallurgist for the 
Electro-Alloys Division at Elyria, 
Ohio, has been appointed assistant 
chief metallurgist of American 
Brake Shoe Co.’s metallurgical re- 
search department at Mahwah, N. J. 


Hugh B. Hix @ recently re- 
signed his position in the metal- 
lurgy division of the Bureau of 
Standards, Washington, D. C., to 
accept employment with E. IL du 
Pont de Nemours & Co., Newport, 
Del., as a technical assistant in ti- 
tanium metal production. 


Robert E. Prunty @ has ac- 
cepted a position as a design engi- 
neer with the Oliver Corp., in their 
farm and industrial tractor plant 
in Charles City, lowa. He was for- 
merly in the metallurgical section 
of the Westinghouse South Phila- 
delphia plant. 
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Robert B. Corbett 


Rosert B. Consett @ has been 
made acting director of research 
of Heppenstall Co. Dr. Corbett 
joined the company in 1945 as a 
research metallurgist and 
made research engineer in 
Previously he was an _ instructor 
in metallurgical engineering at 
the University of Pittsburgh and 
a metallurgist with the U. S. Bu- 
reau of Mines. A graduate of Car- 
negie Institute of Technology in 
1939, he received his M.S. in 1942 
and Ph.D. in 1944 at the Univer- 
sity of Pittsburgh. 


was 
1948. 


James K. Stanley © has been 
promoted from senior projects met- 
allurgist to section head in the 
materials division of the engineer- 
ing research department ef Stand- 
ard Oil Co. (Indiana). In his new 
position, Dr. Stanley has general 
supervision of the research pro- 
gram of the materials division un- 
der the general direction of Carl 
H. Samans 6, associate director of 
the division. 


Louis P. Jahnke @ resigned his 
position as metallurgist in the in- 
spection unit of The Ethyl Corp., 
and is now employed in the Lock- 
land Plant Laboratory of the Gen- 
eral Electric Co., Lockland, Ohio. 


Donald T. Harvey @, formerly 
a metallurgist at the National Bu- 
reau of Standards, has accepted a 
similar position with Revere Cop- 
per and Brass, Inc., Baltimore, Md. 


William G. Van Note 


WILLIAM G. 
recently installed 
Clarksen College 
Potsdam, N. Y., has had wide 
experience as an administrator, 
teacher, and chemical and metal- 
lurgical engineer. He received his 
Ch. E. degree from Rensselaer 
Polytechnic Institute in 1929, his 
M.S. from the University of Ver- 
mont in 1933, and his Ph.D. from 
Pennsylvania State College in 1941. 
Within this period he did metal- 
lurgical work for Babcock and 
Wilcox Co., taught chemistry at 
the University of Vermont and 
chemical engineering at North 
Carolina State College. He was an 
associate professor, and  subse- 
quently professor, at North Caro- 
lina State from 1942 until 1951. 
Concurrently he did metallurgical 
research at General Electric Co., 
Schenectady, N. Y., was liaison 
faculty member to the local Bu- 
reau of Mines station and also li- 
aison representative with the Oak 
Ridge Institute of Nuclear Studies. 
Dr. Van Note was director of the 
department of engineering re- 
search at North Carolina State 
from 1946 until he joined Clark- 
son. For a period of three years 
he was acting assistant director 
and then assistant director of the 
engineering experimental station. 
He is a member of the American 
Institute of Mining and Metal- 
lurgical Engineers, the American 
Society for Engineering Educa- 
tion, as well as a’ number of hon- 
orary societies. 


Van Norte @, 
president of 
of Technology, 


A. T. Hamill @ has been trans- 
ferred to Baltimore, Md., as man- 
ager of the materials and standards 
section of the air arm division of 
the Westinghouse Electric Corp. 








BUSINESS IN MOTION 
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For several years this space has been used to tell 
how Revere has collaborated with its customers, to 
mutual benefit. Now we want to talk about the way 
our customers can help us, again to mutual benefit. 
The subject is scrap. This is so important that a 
goodly number of Revere men, salesmen and others, 
have been assigned to urge customers to ship back 
to our mills the scrap generated from our mill prod- 
ucts, such as sheet and strip, rod and bar, tube, 
plate, and so on. Probably few people realize it, 
but the copper and brass industry obtains about 
30% of its metal requirements 
from scrap. In these days when 
copper is in such short supply, 
the importance of adequate sup- 
plies of scrap is greater than 
ever. We need scrap, our indus- 
try needs scrap, our country 
needs it promptly. 

Scrap comes from many dif- 
ferent sources, and in varying 
amounts. A company making 
screw-machine products may 
find that the finished parts 
weigh only about 50% as much 
as the original bar or rod. The turnings are valu- 
able, and should be sold back to the mill. Firms 
who stamp parts out of strip have been mate- 
rially helped in many cases by the Revere Tech- 
nical Advisory Service, which delights in working 
out specifications as to dimensions in order to 
minimize the weight of trimmings; nevertheless, 
such manufacturing operations inevitably produce 
scrap. Revere needs it. Only by obtaining scrap 
can Revere, along with the other companies in the 
copper and brass business, do the utmost possible 


in filling orders. You see, scrap helps us help you. 
In seeking copper and brass scrap we cannot ap- 
peal to the general public, nor, for that matter, to 
the small businesses, important though they are, 
which have only a few hundred pounds or so to dis- 
pose of at a time. Scrap in small amounts is taken 
by dealers, who perform a valuable service in col- 
lecting and sorting it, and making it available in 
large quantities to the mills. Revere, which ships 
large tonnages of mill products to important manu- 
facturers, seeks from them in return the scrap that 
is generated, which runs into 
big figures of segregated or 
classified scrap, ready to be 
melted down and processed so 
that more tons of finished mill 

products can be provided. 

So Revere, in your own inter- 
est, urges you to give some ex- 
tra thought to the matter of 
scrap. The more you can help 
us in this respect, the more we 
can help you. When a Revere 
salesman calls and inquires 
about scrap, may we ask you to 

give him your cooperation? In fact, we would like 
to say that it would be in your own interest to 
give special thought at this time to all kinds of 
scrap. No matter what materials you buy, the 
chances are that some portions of them, whether 
trimmings or rejects, do not find their way into 
your finished products. Let’s all see that every- 
thing that can be re-used or re-processed is turned 
back quickly into the appropriate channels and 
thus returned to our national sources of supply, 
for the protection of us all. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 


Executive Offices: 
230 Park Avenue, New York 17, N. Y. 
SEE REVERE’S “MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 
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Personals 


Robert J. Ringle @ graduated 
from Michigan State College in De- 
cember and is now employed by 
the Dow Chemical Co. in their 
magnesium foundry division, Bay 
City, Wis., as metallurgist. 


K. L. Wauchope © is now em- 
ployed as metallurgist in the man- 
ufacturing engineering department 
of Canadian Westinghouse Co., 
Ltd., Hamilton, Ont. 


R. C. Aungst @ resigned his po- 
sition as metallurgist with the 
Oregon Brass Works, Portland, to 
accept the position of process con- 
trol engineer with General Elec- 
tric Co.'s Hanford Engineering 
Works, Richland, Wash. 


W. A. Mazan @, a lieutenant 
commander in the U. S. N. R., was 
recalled to active duty in January, 
and is now stationed at the Norfolk 
Naval Shipyard, Portsmouth, Va. 
Prior to his recall he was chief 
inspector at Plant No. 1 of the 
Unitcast Corp., Toledo, Ohio. 
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BLACK MAGIC — whether applied to 
civilian or defense production — has proved to be a 
versatile, economical finish. Its ability to blacken 


heat treated parts or previously “hard to blacken” items has established 





BLACK MAGIC as a finish capable of exceeding 


black oxide requirements. 


Other advantages are: 


* One Bath - One Sait 
* Lower Operating Temperature 


* Self Rectifying 
® Faster Blackening Cycle 


* Mor osion Resistant 


MEETS GOVERNMENT SPECIFICATIONS 


57-0-2C type 3; 51-70-1A Finish 22.04; 





| Material Specifi 


AMS2485 


A comprehensive study of the application of a black oxide finish has 
been compiled and is now available in our latest catalog. Write for 
your complimentary copy today. 


THE MITCHELL-BRADFORD CHEMICAL CO. 


2446R Main St Stratford, Conn 


QUALITY PRODUCTS OF CHEMICAL RESEARCH 
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Lawrence J. Hull @ has ac- 
cepted a position as metallurgical 
engineer with the California Re- 
search & Development Co., San 
Francisco. 


David J. Herveat ©, formerly 
head of the inorganic research 
laboratory of the International 
Harvester Co., Chicago, is now em- 
ployed in the chemical division of 
the International Chemical and 
Mineral Corp., Carlsbad, N. M. 


Virginia M. Hubbard @ has 
been released from duty in the 
Marine Corps and has returned to 
her civilian position as assistant 
metallurgist atthe Bell and Howell 
Co., Chicago. 


Carl M. Erb @, formerly associ- 
ated with Dearborn Motors Corp.. 
Birmingham, Mich., as metallurgist, 
is presently employed by the A. O. 
Smith Corp., as supervisor of re- 
search and production laboratories 
at the Rochester (N. Y.) Works. 


Emil Perout @ was recently 
named assistant sales manager at 
National Spectrographic 
tories, Inc., Cleveland. 


Labora- 


Hiland G. Batcheller ©, chair- 
man of the board of the Allegheny 
l.udlum Steel Corp., has been 
named a member of the Industrial 
Council recently organized at 
Rensselaer Polytechnic Institute. 
The Industrial Council was organ- 
ized for the purpose of emphasiz- 
ing the correlated interests of 
industry and society, and its im- 
mediate plans are to conduct a 
series of seminars in which it will 
undertake a study of the general 
background and impact of indus- 
try on the American way of life. 


Harry Majors, Jr., @ has taken 
a two-years’ leave of absence from 
the University of Alabama to be- 
come associated with the Califor- 
nia Research and Development Co. 
at Livermore, Calif., as a senior 
research engineer. 


Arthur P. Guidi ©, formerly 
with Acme Aluminum Alloys, Inc., 
Dayton, Ohio, is now chief metal- 
lurgist at the Texas Electric Steel 
City Co., Houston, Texas. 


John H. Corson @, formerly en- 
gineer with the Bethlehem Steel 
Co. at their Williamsport (Pa.) 
plant, is now a metallurgist with 
Carpenter Steel Co., Reading, Pa. 


Charles W. Stone ©, former sec- 
retary of the Interstate Drop Forge 
Co., Milwaukee, has been elected a 
vice-president of the firm, and a 
member of the board of directors. 





ALL-IN-ONE, EASY TO CONTROL, 
CLEANING AND PHOSPHATIZING 
MATERIAL! 


OUTSTANDING DISCOVERY OF DIVERSEY 
RESEARCH PROVED IN FIELD TESTS... 
CONFIRMED BY ACTUAL APPLICATIONS! 





MAIL THE COUPON FOR FREE TEST SAMPLE! 


Go, 
2 
THE DIVERSEY CORPORATION 


Metal Ind Department 
1820 ROSCOE STREET © CHICAGO 13, ILLINOIS 


in Cenada: The Diversey Corporation (Canada) Lid. 
Lakeshore Road, Port Credit, Ontarie 


The result of more than six years of research, new Diversey 
DivoBonpD is a mildly acid compound which cleans and 
phosphatizes iron and steel in a single spray operation! 
Divoponp first cleans then forms a thin but extremely 
tough coating on the metal which retards rusting of the 
clean metal prior to painting, promotes better paint ad- 
hesion, and prevents flaking and peeling of the paint . . 
ALL THIS IN A SINGLE OPERATION! 


Furthermore, new Diversey DIvoBonp is easy to control! 
Solutions are stable and display excellent life! DrvoBonp is 
non-caking, readily soluble in water, stable in storage! 
DrvoBonp is economical! DivoBonp is available now! 
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Personals 


Alvin Shames ©, formerly re- 
search metallurgist with the Bat- 
telle Memorial Institute, Columbus, 
Ohio, has joined the North Ameri- 
can Aviation, Inc., in that city, as 
a metallurgist in the production 
and development laboratory. 


Rustam D. Lalkaka @ is pres- 
ently employed by the Bureau of 
Mines at Boulder City, Nev., as 
metallurgist with the manganese 
research unit. 


Norman G. Wayne @ has 
accepted a position with the 
U. S. A. F., Northeastern Air Pro- 
curement District, Boston, Mass., 
as chief, materials and processes 
branch. He will supervise materi- 
als and processes inspectors in the 
New England states and northern 
New York state. 


Robert M. Van Hoy © has ac- 
cepted a position as process engi- 
neer at Seeger Refrigerator Co., 
Evansville, Ind. He was previously 
associated with Mead Johnson & 
Co. of that city. 
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PORTABLE 
HARDNESS TESTERS 


Show the exact hardness of your metals before 


and after heat-treating, to reduce tool wear and 


breakage and to speed up production. 


f 


Ames Portable Hardness Testers are light in weight 


| and are carried to the work. Tests are easy to make 


| and accurate, requiring no skill. 


\ Ames Portable Testers are used to test flats, rounds, 
ip, tubing, wire, etc., without cutting off speci- 
mens. Saws, gears, knives and large irregular _ 
shapes are tested while assembled. Readings c 


direct in the Rockwell Scales. 


Send today for interesting folder 
“Rockwell Hardness Testing Made Easy” 
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AMES PRECISION MACHINE 


TULLE PULL § 


WORKS 


Waltham 54, Mass., U.S.A. 
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C. J. Bier @ is now metallurgist 
at Sylvania Electric Products Inc., 
Hicksville, L. I., N. Y 


Donald L. Palmer ©, formerly 
materials and process inspector at 
the Rochester Air Regional Office, 
U.S.A.F., has accepted a position 
as metallurgist with the Easy 
Washing Machine Corp., Syracuse, 
N. Y. In his new position he will 
be responsible for the chemistry 
and metallurgy sections of the new 
laboratory being established for 
work on U.S.A.F. contracts. 


Michael A. Cocca @ has com- 
pleted General Electric Co.’s train- 
ing program for chemists and 
metallurgists and has taken a posi- 
tion with the General Electric 
Research Laboratory, Knolls, Sche- 
nectady, N. Y. 


D. C. Einfurer @ recently ac- 
cepted a position as metallurgical 
engineer in the materials and 
processes section, engineering 
standards department, Sperry Gy- 
roscope Co., Great Neck, N. Y. 


H. J. Ross @, formerly assistant 
chief metallurgist at the New Ken- 
sington (Pa.) Works of Alcoa, is 
now chief metallurgist and assist- 
ant to the general manager at R. D. 
Werner Co., Greenville, Pa. 


Glendon J. Ramsay © gradu- 
ated from the Missouri School of 
Mines in January and is now met- 
allurgist at the Engineered Cast- 
ings Division of the American 
Brake Shoe Co., Rochester. 


Joseph J. Matt, Jr., @, former 
chairman of the Rome Chapter, 
was recalled to the U. S. Army as 
a first lieutenant and is now on 
duty at the Ordnance Ammunition 
Center, Joliet, IL. 


Max I. Beard © is now em- 
ployed as plant metallurgist at the 
Oliver Corp., Plant No. 2, in South 
Bend, Ind. He was formerly with 
the Columbus Anvil & Forging Co., 
Columbus, Ohio. 


Richard Willstatter @, formerly 
with the Chase Brass & Copper 
Co. of Waterbury, Conn., has been 
appointed assistant works manager 
of the Eastern Brass & Copper Co., 
New York. 


William P. McKinnell, Jr., 6, 
assistant professor of metallurgy 
at Virginia Polytechnic Institute, 
has been recalled to active duty in 
the Navy and is serving on the 
staff of the Commander-in-Chief 
of the Atlantic Fleet as a commu- 
nications officer. 
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Rolock standardized type, fully fabricated-welded 
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alloy baskets are handled as a group, nesting —_—<—— 
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Easier Operation, Lower Cost 
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Personals 


Alexander L. Field, Jr., @, for- 
merly metallurgist with the Beth- 
lehem Steel Co. at Sparrows Point, 
Md., is now employed in a similar 
capacity by E. I. du Pont de Ne- 
mours & Co., Inc., in the pigment 
department, Newport, Del. 


Norman W. Johnson @ is now 
metallurgist in the electric range 
and water heater division, major 
appliance department of General 
Electric Co., Louisville, Ky. 

Hsun Hu @ has become associ- 
ated with the Institute for the 
Study of Metals, University of Chi- 
cago, as a metallurgist. He ob- 
tained his Ph.D. degree in 
metallurgy from the University of 
Notre Dame. 


Robert P. Cooper @ has been 
recalled by the Army as a first 
lieutenant and is serving as execu- 
tive officer for Company C of the 
38th Infantry, 2d Division in 
Korea. His present address is 
Company C, 38th Infantry, APO 
248, % Postmaster, San Francisco. 

E. E. Ensign ©, until recently 
research metallurgist at the Ford 
Motor Co., has joined the staff of 
the A. R. D. Corp., New York, as 
vice-president. 


Paul J. Scherbner @ has been 
named superintendent of the non- 
ferrous foundry department of the 
Winters Foundry & Machine Co., 
Inc., Canton, Ohio. In his new po- 
sition he will direct the fabrica- 
tion and control of aircraft quality 
aluminum and bronze castings. Mr. 
Scherbner was formerly with the 
Sperry Gyroscope Corp. in the ca- 
pacity of foundry metallurgist. 


Eugene T. Vanderheyden 6, 
who graduated in January from 
the Missouri School of Mines, is 
now employed by the Aluminum 
Co. of America, Reduction Divi- 
sion, Alcoa, Tenn. 


William A. McNeish ©, formerly 
assistant melting superintendent at 
the Sharon (Pa.) plant of National 
Malleable & Steel Castings Co., has 
accepted a position as metallurgist 
in the research laboratories of the 
Oak Ridge National Laboratories, 
Union Carbide & Carbon Corp., 
Oak Ridge, Tenn. 


P. W. Snyder @, captain in the 
U. S. N., has been assigned to duty 
as director of ship design, Bureau 
of Ships, Washington, D. C. 


Hal C. Tyree @ has been as- 
signed engineering officer for the 
126th Air Installations Squadron 
in Bordeaux, France. 


Walter C. Kahn, Jr., @ is now 
engineering and quality control 
manager at Bell-Moritt Corp., Free- 
land, Pa. 


Edward Murway @ has ac- 
cepted a position as metallurgist in 
the tin mill at the Inland Steel Co., 
East Chicago, Ind. 


Daniel J. Hayes @, who recently 
graduated from the University of 
Michigan, is now employed as a 
metallurgist at the Houdaille- 
Hershey Corp., Decatur, Ill. 


Leonard G. Daniels @ has left 
the research department of Thomp- 
son Products, Inc., Cleveland, and 
accepted a position in the methods 
development branch, U. S. Naval 
Ordnance Test Station, Inyokern, 
China Lake, Calif. 


Alfred D. Slatkin @ was re- 
cently appointed superintendent of 
primary installations at the Kansas 
City (Mo.) Aircraft Plant of the 
Ford Motor Co. 


Donald A. Trepany @ is now 
materials and process engineer 
with the Santa Monica (Calif.) di- 
vision of Douglas Aircraft Co. 


Edward T. Young @ has been 
appointed process and development 
engineer at Morris Bean and Co., 
Yellow Springs, Ohio. 














Pulling Mellle inlo Melals since 1896 


- «+ and you'll have a service at your disposal that gathers market information on 
current pricings, government regulations, metal and alloy uses or possible applications 
—and is maintained by Belmont for the benefit and profit of the metals consuming 
industry. Over 21,000 now receive Belmont's helpful ‘‘Metal-of-the-Month” letters. 
Write to get yours—courtesy of Belmont. 


Metals? > Contact Belmont—All Metals, All Alloys, All Forms—and MARKET INFORMATIONI 


SMELTING & REFINING WORKS, INC. 


303 Belmont Avenue, Brooklyn 7, N. Y. 


Dickens 2-4900 
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Production Life 


Increased 900% 
hy Hard-Facing Here 


...and still no sign of wear! 


A 3%-in. laver of Haynes Srevure hard-facing 
alloy protects this punch mandrel from severe wear 
and galling. The hard-faced mandrel, used in the 
manufacture of pipe couplings, has already produced 
10,000 pieces and still shows no sign of losing gage. 
Tool steel parts in this same service wore out after 
punching only 1,000 pieces; and punches of case- 
hardened steel had to be replaced after producing 
500 couplings. 

The couplings are made from pipe of '-in. wall 
thickness and 55% in. diameter. Under a pressure of 
20 tons, the pipes are expanded to 67 in. in diam- 


eter at the rate of one every two minutes. In this 


YNES ps 


TRADE-MARK 





o 


j 
i 
| 


severe forming operation, the hard-faced ring on the 
mandrel stays out-to-gage 10 times as long as a tool 
steel ring and 20 times as long as a case-hardened 
steel ring. In addition, it does not gall and mark the 
inside diameter of the pipes. 

Hard-facing is often the answer to serious wear 
problems in all types of machinery and equipment. 
By reducing wear at key points, it helps to cut 
maintenance costs and keep machinery running at 
peak efficiency. Write for the folder “Hard-Facing 
Materials Data” for a quick summary of Haynes 
hard-facing alloys. It gives chemical composition, 


properties, uses, and forms of each alloy. 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 
ud« 
General Offices and Works, Kokomo, indiana 
Chicago — Clevelond — Detroit — Houston 
Los Angeles—New York—San Francisco— Tulsa 


“Haynes” and “Haynes Stellite” ore trade-marks of Union Carbide and Carbon Corporation. 
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Have you ever tried to remove rust-preventive oils and greases? 
It’s a messy, time-consuming job... it’s one your customers 
don’t like...and it’s really unnecessary! Now... thanks to 
Nox-Rust Vapor-Wrapper your customers can receive machines, 
parts and equipment “factory-fresh”... ready to use. There’s 
no disassembling . . . no de-greasing needed. What’s more, you 
save time, work and money by eliminating old-fashioned rust- 
preventives. When parts are packaged in sheets or bags of 
Vapor-Wrapper, they’re safe from rust and corrosion for years. 
Find out the facts about this improved, modern method of rust- 
prevention. Just attach the coupon below to your letterhead 
for full details without obligation. 


MOX-RUST VAPOR-WRAPPER 


VL Ld) 


ROLUS SHEETS ENVELOPES BAGS CASE-LINERS 
CAUTION 


Just Mail This Coupon (Please attach to your letterhead) 


te ek Us ere eo 


NOX-RUST Chemical Corporation 
2479 Sovth Halsted «+ Chicago &, Illinois 


Please send me full information on how my firm can benefit 
through use of Vapor- Wrapper. 


NOX-RUST 


CHEMICAL CORPORATION 
2429S. Halsted + Chicago 8, Illinois 


Detrot + Baltimore + Philadelphia 
Sen Francisco + Los Angeles 


a 


Address___ 





(If different from letterhead) 
en Stote 
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Control of 
Weld Cracking* 


N THE WELDING of high tensile 

steels, a particular form of crack- 
ing occurs in the hardened portion 
of the heat affected zone that is 
mainly martensitic. Cracks of this 
nature have been produced in welds 
with no restraint. Severe restraint 
has been found to produce no crack- 
ing when the rate of cooling was 
below a certain critical value which 
depends on the electrode used. This 
type of crack does not appear at the 
surface of the weld, is extremely 
small in width but not necessarily 
in area, and can be detected only 
with the aid of a microscope after 
the weld is sectioned, carefully pol- 
ished and etched. 

These microcracks may not affect 
the static strength of a welded joint 
appreciably, but they are likely to 
impair the fatigue strength of a 
structure; in addition, they may 
open under shrinkage stresses. It 
was possible to establish critical 
cooling rates (from micro-examina- 
tion of the welds) above which this 
type of cracking would occur for 
each type of electrode used. Cool- 
ing rate measurements were used to 
establish thermal severity curves, 
the curves giving the relationship 
between energy input (or size of 
fillet weld) and the rate of cooling 
for each joint. From these data it 
is possible to specify a minimum 
weld size which will prevent crack- 
ing in each joint. The control of 
cracking during the welding of high- 
tensile steels in structural work then 
becomes a matter of specifying min- 
imum weld size to be deposited in 
the first pass. 

Results of some previous weld- 
ability studies, which have not yet 
been published, are said to show 
that the best correlation between 
cracking and cooling rate is ob- 
tained at 300°C. (570°F.). It is 
stated that the 200 to 400°C. (390 
to 750° F.) region is the temperature 
range in which the austenite-to- 
martensite transformation takes 
place in the majority of structural 
steels; and that the rate of cooling 
at 570° F. gives a good indication of 
the cooling rate during the transfor- 
mation which may account for the 
best correlation between cooling 
rate and hard zone cracking occur- 
ring at 570° F. (Cont, on p. 118) 
* Abstract of “Control of Cracking 
in Are Welding High-Tensile Struc- 
tural Steels”, by C. L. M. Cottrell, 
M. D. Jackson and J. G. Whitman, 
Welding Research, Vol. 5, August 
1951, p. 201r-215r. 





The Westinghouse 250 kv 4250 kv constant potential 


control transformer 


WHEN IT’S 


48° 





pm 


For heavy-duty inspection problems in limited 


space, nothing beats the dependable 


{ 
WD | 
Westinghouse 250 kv industrial tubestand X-ray 
unit. High X-ray output plus maximum es vy 
maneuverability, means inspection savings on f ” ’ 
large, cumbersome parts. This unit will help to | 7) - 

solve many of your toughest inspection problems. | . 


f 


Examine the 250 kv unit—note these 


outstanding features which guarantee high 


quality radiographs: 


Ease of operation 
X-Actron milliamperage contre] 


Constant potential for highest X-ray output 





Direct kilovoltage reading 
Load pre-set 


Fine fooal spot X-ray tube 


Call your Westinghouse representative, or write: 
Westingheuse Electric Corporation, 
2519 Wilkens Avenue, Baltimore 3, Maryland. 


J-0nziw 


Tubestand features easy, counter- 
balanced movements with 
positive locks 
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Control of 


SPECS FOR Weld Cracking 
NON-FERROUS (Continued from p. 116) 


Critical cooling rates are deter- 
mined by the construction of square 

paint base : . . 
root cooling-rate curves in which 

the square root of the cooling rate 


GOT YOU is plotted against the temperature 


of the point at which the cooling 
DOWN? rate is measured. The plot includes 
H curves for specimens which had no 
cracks as well as curves for speci- 
mens which exhibited hard zone 
cracks. From these plots it is pos- 
sible to observe the cooling rate 
at 570° F. above which cracking is 
likely to occur. This is called the 
critical cooling rate for the com- 
bination of electrode and base metal 
involved. 
¥ Critical cooling rates for the 
: R I D i E electrodes used in the tests were 
determined to be about as follows: 
E217 6°C. (43° F.) per sec. 
E317 8 (46) 
E645 11 (52) 
It is pointed out that there is a 
critical zone shown for each elec- 


| ode, where hard zone cracks may 
WANT CORROSION RESISTANCE? | WANT EYE-APPEAL? Iridite can give pager Drage hnneniccfnes b axamrpdtamine 


| or may not occur, and these zones 
Iridite will give you better-than- ; you a variety of finishes, depend- cover variations in cooling rates of 


specification protection against | ing upon the metal being finished 2 to 3°C. per sec. This sone is 
cosrosion. . . . from clear and sparkling due to variations in chemistry of 


¢ ~e ; the base metal from heat to heat. 
WANT PAINT ADHERENCE? Iridite bright or military olive drab, to The square root cooling-rate 
attractive dyed colors. curves vary in form with the energy 
input and joint geometry. An in- 
for paint by preventing under- | BEST OF ALL, any Iridite finish is | crease in energy input with any 
film corrosion. economical and easy to apply. particular joint geometry increases 
the slope of the curve by lowering 
the cooling rate at any given tem- 
. perature. Variations in base metal 
I R | D | T E thickness and position of the parts 
\ with reference to the weld influence 
the cooling rate. At the lower tem- 
peratures air cooling becomes an 
important factor. 
Simple chemical dip; immersion time only 10 seconds to When the energy input is plotted 
2 minutes; no sealing dip; color is clear or yellow depending against the reciprocal of the square 
' i root cooling rate at 570° F. for any 
upon your requirements; salt spray resistance equivalent to particular joint, a curve is obtained 
20 to 30 minutes of anodizing, eliminates need for costly racks which is termed the thermal severity 
i curve for that joint. Its slope is an 
ant cecteianl — indication of the rate at which heat 
can flow away from the joint. Ther- 
mal severity curves were determined 
for twelve varied joint geometries, 
the welds being of the fillet type. 
It is possible to indicate on the 
thermal severity curves the actual 
cooling rate at 570° F. on the X-axis 
|. Was Reescarcu Propucts and equivalent fillet weld sizes for 
uCoePORAles various energy levels (Y-axis) for 
easy reference. In this way the 
thermal severity curve for any par- 
ticular joint will show the minimum 
energy input or fillet size necessary 
(Continued on p. 120) 


provides a firm and lasting base | 





\ 


4004.06 E MONUMENT STREET « BALT 
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AUTOMOTIVE 
CASTINGS are 
cleaned continu- 
ously with VIRGO 
Molten Cleaner, a 
Hooker product. 


Metal Producing — Metalworking 
.-. easier with HOOKER CHEMICALS 


HOOKER CHEMICALS 
used in metal producing, metalworking 


VIRGO® DESCALING SALT Fast, safe, low-cost descaling 
of stainless and alloy steels. 


VIRGO® MOLTEN CLEANER Fast, safe, low-cost removal of 
sand and graphite from cast- 
ings, forgings, fabricated ports. 


CHLORINE Refining aluminum, magne- 
sium, other metals; 
treating boiler feed water. 


CAUSTIC SODA Desuifurizing steel and 
wrought iron; 
reclaiming aluminum. 


MURIATIC ACID Cleaning steels prior to plating; 


processing titanium, tungsten. £* 


SODIUM SULFIDE Sulfidizing oxidized lead 
and copper ores; 
refining titanium oxide. 


From the Fatt of Mhe Earth 


METAL INDUSTRIES rely on Hooker for— 

@ Chemicals that make many jobs faster, easier. 

@ Shipments that arrive on schedule, in good order. 

® Uniform purity that takes headaches out of processing. 
®@ Willing help and advice in use and handling of chemicals. 


Metal producing and metalworking are among 
more than 30 industrial “customers” served by 
Hooker as a basic producer of chlorine, caustic 
soda and chlorinated compounds. 

Hooker research has helped many industries 
bring profitable new products to market, and iron 
out processing bottlenecks. 

If you would like more information on any of the 
Hooker products shown here, please write on your 
business letterhead, indicating those in which you 


are interested. 


HoOKER 
CHEMICALS 


SULFUR CHLORIDES - CHLOROBENZENES + BENZOIC ACID + SODIUM BENZOATE + ALUMINUM CHLORIDE + CHLORINATING AGENTS 


HOOKER ELECTROCHEMICAL COMPANY 


30 FORTY-SEVENTH ST., NIAGARA FALLS, N. Y. 
NEW YORK, N.Y. + WILMINGTON, CALIF. - TACOMA, WASH. 
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DIFFEREN 


SUITED 


Tuer is no one cutting fluid that best meets the 
requirements of every job. Therefore, Stuart offers you 
a complete line of cutting fluids. Often two or three 
Stuart cutting fluids, or varying dilutions of one or two, 
will answer all the needs of a shop. But, what a whale 
of a difference it makes when the cutting fluid that is 
used is the right one for the job! 


GEAR SHAVING TOOL LIFE INCREASED 50%, 
FINISH IMPROVED WITH STUART’S THREDKUT 


In a Chicago plant, two gear shavers were run side by side 
on the same job, one with the old cutting oil, one with Stuart’s 
THREDKUT. Tool life with “x” oil—6000 gears; with 
THREDKUT—9000 gears! Finish with the other oil—satis- 
factory until 2500 to 3000 gears had been produced, then 
deteriorating until tools were replaced; with THREDKUT— 
completely satisfactory at all times. 

It pays to put the right cutting fluid on the job. Ask to have 
a Stuart sales-engineer call. 


Send for NEW BOOKLET entitled 
“MORE THAN A COOLANT iS NEEDED” 


p.A. Stuart {Jil co. 


EST. 1865 LIMITED 
2743 S. Troy Street, Chicago 23, Ill. 
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Control of 
Weld Cracking 


(Continued from p. 118) 
to insure that the critical cooling 
rate is not exceeded. 

It is considered that a fillet weld 
between two 3-in. thick blocks pro- 
vides the most thermally severe 
joint attainable with fillet weld sizes 
up to % in. Any further increase 
of thickness will not increase the 
rate of cooling at 570° F. 

According to the authors, “the 
Slope of a thermal severity curve 
can be related to the total thickness 
of material adjacent to the weld, 
that is, the size of path available 
for heat flow away from the weld, 
and also the extent of such mate- 
rial.” Upon this principle is based 
the C.T.S. series of tests. 

The C.T.S. weldability test con- 
sists of four specimens, each being 
an assembly of two plates of equal 
thickness (%, ‘4, 1 and 2 in.). The 
top plate is 3 in. square and the 
bottom plate 4x 7in. The top plate 
is bolted tightly to the bottom plate, 
near one end of the bottom plate, 
and anchor welds are made along 
the two opposite sides of the top 
plate in the direction of the long 
axis of the bottom plate. The re- 
maining two welds are the test 
welds, the first weld being made 
across the end of the bottom plate. 

Each of the test welds of the 
four specimens in the series will 
give a thermal severity curve of a 
different slope from the others in 
the series for a total of eight differ- 
ent severities. By comparison with 
the curves of joints already estab- 
lished, the specific test, comparable 
to a specific joint, can be readily 
selected for testing combinations of 
electrode and base metal in order 
to select the welding procedure. 

It is emphasized by the authors 
that “These considerations of joint 
geometry emphasize the inadequacy 
of a single weldability test as a 
basis for satisfactory welding pro- 
cedure.” The weldability test should 
have a thermal severity similar to 
that of the production joint or the 
severity of the production joint 
should be estimated in terms of 
thermal severity curves derived 
from the critical cooling rate for the 
electrode. 


COMMENTS BY THE REVIEWER 


The system proposed by the au- 
thors would appeal to engineers of 
perfectionist inclination as a method 
of exact mathematical control; a 
feature which can perhaps be han- 

(Continued on p. 122) 











(2.) What's the Best Way 


to measure 


‘n Controlled At 


Lindberg Engineering Company knows the imper- 
tance of quickly and accurately determining the 
dew point of gases generated for heat treating 
furnaces. They know that customer satisfaction 
depends on continuous operation at a specific dew 
point for each individual installation. That is why 
they depend entirely on Alnor Dewpointers’ accu- 


* Simple, direct operation of the Alnor Dewpointer 
assures laboratory accuracy by non-technical 
personnel. Substantial carrying case protects it 
against the usual hazards of portable use. 

* The Dewpointer is the only instrument of its kind 
that is a complete unit in itself . . . it is readily 
portable and does not require any external cool- 
ant or auxiliary apparatus. Operates on either 
AC or enclosed battery. 


SEND POST CARD FOR YOUR COPY OF NEW DEWPOINTER BULLETIN 


Dew Points 





rate, consistent reading . . . in the field, laboratory, 
wherever precision checking is necessary for quality 
performance. That's why they report—“The Alnor 
Dewpointer is the best instrument we know for this 
purpose.’ Over 500 other large industrial concerns 
rely on Dewpointer precision and find the instru- 
ment pays for itself in the savings on CO2 alone. 


Faster... Easier... Consistently Accurate 


*& Indications take place in an enclosed chamber 
under conditions which can be controlled and 
reproduced . jew or fog is observed suspended 
in air—not on a polished surface as in other less 
accurate instruments. 

*% Available in three ranges—for dew points be- 
tween minus 20 F. and room temperature, from 
minus 80°F. to OF. and from minus 80°F. to 
room temperature. 


Here's what you see! 


The Dewpointer eliminates 
gvesswork in determining dew 
points. You actually see the dew 
or fog suspended in the chamber. 


ILLINOIS TESTING LABORATORIES, ROOM 523, 420 N. LASALLE ST., CHICAGO 10, ILL. 


orm €VERY 


INSTRUMENTS 
IinodustTtRyY 
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6 Build 


mall Ones Too: 


No. 000 TWO-MOTOR TYPE 


2-ROLL ROTARY STRAIGHTENER 


FOR ROUND TUBES & BARS 1/16’ TO 3/16’ O.D. 


© The smallest mill duty 2-roll rotary precision straightening 
machine made. Straightens, sizes, polishes and corrects out-of- 
roundness from end to end. 


® Individual roll drive from variable speed motors equipped 
with integral speed reduction units, and interlocked for syn- 
chronization of roll speeds. 


® Rolls made of Smavroc Alloy. Timken Bearing equipped. 


Large Or Small—Medart Builds Them! 


2-Roll Rotary Straightening, Sizing & Polishing Machines for 
tubes and bars from 1/16” to 9” or larger—or multiple-roll 
straighteners for pipe or thin-wall tubes up to 24”. Whatever 


the straightening job, a Medart machine will do it faster, better 
and at lower cost! 


Write For Catalogs 


THE MEDART COMPANY 27.00% Th‘ kidsoun: 
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Control of 
Weld Cracking 


(Continued from p. 120) 

dled with slide rule and _ pencil. 
However, in order to practically 
apply the method it would be neces- 
sary not only to have thermal se- 
verity curves for a large number of 
forms of joints but also data on 
critical cooling rates of various 
electrode — base metal combinations. 
Thus far, at any rate, this sort of 
data have not been tied in effectively 
with the hardenability of base metal. 

To produce safe cooling rates in 
welding steels of appreciable hard- 
enability, the minimum weld size 
for the first pass is such as to re- 
quire a fairly large electrode with 
corresponding energy. Such opera- 
tion does not always give a weld of 
good radiographic soundness. Also 
the problem of watching the weld- 
er’s work to see that his first pass 
is of the required minimum size is 
no.small job under the conditions of 
production fabrication. Usually the 
simplest practicable method of in- 
suring safe cooling rates is to pre- 
heat when there may be danger 
from underbead cracking. 


The Kroll Process 
for Titanium Sponge” 


HE KKOLL process is the basis for 

most of the present methods for 
producing titanium. With this 
process, titanium is produced by 
reacting titanium tetrachloride with 
molten magnesium to yield a tita- 
nium sponge and magnesium chlo- 
ride. The titanium tetrachloride is 
produced by the reaction of hydro- 
chloric acid with titanium dioxide 
to yield titanium tetrachloride and 
water. The major sources of the 
titanium dioxide used for the prep- 
aration of chloride are ilmenite, an 
iron-titanium compound, and rutile, 
a relatively pure form of titanium 
dioxide. 

Most of the impurities contained 
in the titanium tetrachloride are 
reduced by the reaction with mag- 
nesium and appear as impurities in 
the titanium. For this reason, the 
titanium tetrachloride is purified by 
distillation to remove silicon tetra- 
chloride, chlorine, phosgene, and 
some of the other chlorides prior 
to its use in making titanium. Tita- 
nium tetrachloride has been ob- 

(Continued on p. 124) 

*Abstract of “Ductile Titanium”, 


Metal Industry, Vol. 80, Jan. 11, 1951, 
p. 29-30. 














G-E pyrometer equipment resists vibration; 
gives accurate, uniform temperature control 


In the installation shown above, the pyrometer units are 
giving close temperature control even though subjected to 
constant vibration, transmitted through frame supports. The 
atmosphere is filled with coal dust, and has a high ambient 
temperature. Yet “there has been no trouble in 14 months of 
operation.” So writes a prominent eastern manufacturer. 

STURDY CONSTRUCTION throughout makes the General 
Electric Type HP-3 pyrometer equipment rugged and vibration 
resistant. \ 3! 4 pound alnico magnet provides high flux den- 
sity, hence a large air gap for the lightweight (1 gram) moving 
system. This permits reliable operation under vibration. 

ACCURATE INDICATION and uniform temperature con- 
trol are assured. Calibrated accuracy is within %4 of 1 per cent 
of full scale. Automatic cold-junction compensation adjusts 
for changes in ambient. Normal changes in humidity and 
voltage have little or no effect on the stability of control. 

MORE INFORMATION can be obtained from your G-E 
representative, or write for Bulletin GEC-713. General Electric 
also offers a complete line of thermocouples—described in 
GEC-714. Write Section 602-231, General Electric Company, 
Schenectady 5, New York. 

RUGGED AND ACCURATE. Indicator unit has 3'4 |b. 


alnico magnet and stationary parts plus lightweight moving G E N i o A L F LE CT a | C 
system a combination that can withstand greal stresses, 


602-231 








SOLU TANS 


without 


UNDERBEAD 
CRACKING 


Use ARCOS Low Hydrogen Electrodes 





ARCOS A.W.S. 
GRADE SPEC. 


Tensilend 70 E7016 
Tensilend 100 £10016 
Tensilend 120 £12015 
Manganend 1M E9016 
Manganend 2M £10016 
Nickend 2 E8015 
Chromend 1M £8015 
Chromend 2M E9015 











Today's demand for increased production makes underbead 
cracking more costly than ever before. It means valuable time, 
money, and man-hours lost in rewelding. And there's no need 
for it. Facts prove that underbead cracking has never been 
known to occur on welding high tensile steels with ‘properly 
designed” low hydrogen electrodes. 

As a pioneer in this field, Arcos offers you the most complete 
line of Low Hydrogen Electrodes—ALL “properly designed” 
—and backed by the most rigid manufacturing controls in the 
industry. That's your assurance of consistently high quality weld 
metal for every job on high tensile steels. Arcos Corporation, 
1500 South 50th Street - Philadelphia 43, Penna. 


WELD WITH 


Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 
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The Kroll Process 
for Titanium Sponge 


(Continued from p. 122) 
tained in experimental work, which 
contained less than 0.01% silicon 
tetrachloride and iron chloride and 
vanadium chloride below 0.001%. 

In making the titanium, magne- 
sium is melted under an atmosphere 
of helium in a carefully cleaned re- 
action chamber, the magnesium be- 
ing heated to about 900°C. (1650° 
F.). Purified titanium tetrachloride 
is gradually run into the chamber 
where it reacts with the magnesium 
to form titanium and magnesium 
chloride. Magnesium chloride is 
drawn off during the reaction to 
maintain proper equilibrium condi- 
tions until most of the magnesium 
has reacted with the tetrachloride. 
The reaction chamber is then al- 
lowed to cool under a slight pres- 
sure of helium, and the titanium is 
removed from the reaction chamber 
by breaking up the massive sponge 
and then machining the sponge 
from the wall of the chamber to 
which it clings. 

After its removal the titanium is 
leached with hydrochloric acid and 
washed with water to remove all of 
the magnesium chloride. The sponge 
is then crushed to a size satisfac- 
tory for remelting. If powder met- 
allurgy products are to be made 
from titanium, the sponge is crushed 
in a ball mill to yield powder. 

Metallurgists have been trying 
for several years to devise a simpler 
and less costly method for produc- 
ing the titanium metal than the 
Kroll process. Until a cheaper 
process for producing titanium is 
developed, the price of titanium 
cannot approach that of some of the 
other common metals, such as iron 


and steel. ae 
C. T. GREENIDGE 


Titanium-Oxygen Alloys* 


1 i> DEAN of titanium metallur- 
gists, Dr. Wilhelm J. Kroll, has 
long insisted that oxygen be con- 
sidered as a _ possibly beneficial 
alloying element rather than as a 
contaminant in titanium. This paper 
is dedicated to the same proposition. 
Based on ease of fabrication and 
room-temperature tensile tests, they 
present data showing that titanium- 
oxygen alloys containing up to 1.5 

*Abstract of “The Structure and 
Some Properties of Titanium-Oxygen 
Alloys Containing 0-5 At.% Oxygen”, 
by A. E. Jenkins and H. W. Worner, 


Journal, Institute of Metals, Vol. 80, 
1951-52, p. 157-166. 





atomic percentage (0.5% by weight) 
oxygen possess some potentialities 
for engineering application. 

Data on elevated temperature, 
impact and creep strengths, bend 
ductility and other engineering cri- 
teria are not presented. The reader 
will therefore have to await publi- 
cation of studies in these fields to 
secure a well-rounded view of the 
future of titanium-oxygen alloys. It 
is, however, perhaps significant that 
all high-strength titanium-base al- 
loys currently on the market contain 
substitutional alloying elements as 
major strengtheners, rather than de- 
pending solely upon an interstitial 
solute like oxygen. 

An important obstacle in the 
development of titanium-oxygen al- 
loys has been the lack of a rapid, 
economical and reliable method 
for the analysis of oxygen. Jen- 
kins and Worner overcame this 
for phase boundary determination 
work by oxidizing a 0.0032-in. rib- 
bon of iodide titanium by air heat- 
ing (there is virtually no nitrogen 
pickup in this operation), and then 
heating the specimen in a good (104 
to 105 mm. Hg) vacuum for up- 
ward of 30 hr. at 850 to 950°C. 
(1560 to 1740° F.). This distributed 
the oxide coating rather uniformly 
throughout the metal by diffusion. 

The authors used an interesting 
metallographic technique to estab- 
lish the uniformity of the oxygen 
distribution. It was known that the 
titanium-oxygen system had a peri- 
tectoid reaction at the titanium side, 
and therefore a rising alpha-plus- 
beta field with increasing oxygen 
content as shown in Fig. 1. The 


50 





5 
8 





Temperature, °C. 











2 
Atomic Percentage Oxygen 


Fig. 1— Phase Boundaries Deduced 
From Data in Fig. 2. (See p. 126) 


authors found that a specimen 
quenched from within this alpha- 
plus-beta field exhibited a mixture 
of well-defined dark and light re- 
gions on etching in an aqueous solu- 
(Continued on p. 126) 





SAFEGUARD 


Chemically 
Rid! ‘ 4 


Use ARCOS Stainless Electrodes 


Dependable weld performance on stainless fabrication requires 
weld metal with the correct chemical composition. And you want 
to be sure that the electrodes you use will produce the same 
dependable results on job after job. 

The Arcos quality controls give you this assurance with every 
lot of Stainless Electrodes you receive. From the chemical anal- 
ysis of the raw materials, to the analysis of actual weld metal, 
every control test is applied to assure you chemically correct 
weld metal at all times. In your own plant that can mean improved 
welding performance . . . fewer rejects . . . lower weld costs. 

New chart of typical weld metal analysis tells what Arcos 
electrodes deliver. Copy on request. Arcos Corporation - 1500 
South 50th Street - Philadelphia 43, Penna. 


WELD WITH 


FIR 


Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 
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(Continued from p. 125) 

tion of 3% HF and 2% H,O,. The 
dark regions had been beta, and the 
light regions had remained alpha at 
the quenching temperature. Light- 
etching edge regions and a dark- 
etching center indicated higher oxy- 
gen near the edges. A uniform dis- 
tribution of light and dark areas was 
taken to indicate a corresponding 
uniform distribution of oxygen. 

In an earlier investigation, H. W. 
Worner showed that a _ titanium- 
platinum couple exhibited a sharp 
discontinuity in thermo-electric 
power when heated and cooled 
through the transformation temper- 
ature of titanium. Therefore, 
Jenkins and Worner use this tech- 
nique for the determination of 
phase boundaries with the results 
graphed in Fig. 2 and the deduced 
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perhaps our experience can 
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your alloy steel supplies! 
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“NOILO! 


You have doubtless heard about “bar-stretchers.” 
Have you ever seen one? Wheelock, Lovejoy has 
several —any one of which can help you stretch 
your alloy steel supply so that you can keep up 
your production schedules during this period of 
unavoidable shortages. Having been in the steel 
business for over 100 years, our staff of metallurg- 
ists is in a unique position to help solve your 
difficulties. Our “bar-stretchers” include sugges- 
tions for substitute grades — alternate methods of 
manufacture — varying your present methods of 
treatment — and many more! 

A letter or phone call to your nearest Wheelock, 
Lovejoy warehouse will bring an experienced man 
to help you stretch your alloy steel supply. 

And he will be delighted to be of service! SCRAP 
is worth money, and every pound turned in means 
more steel for you — so get in the SCRAP! 
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Fig. 2 — Curves Relating the Thermo- 
Electric Power (P) of Pure Platinum 
and Titanium-Oxygen (0 to 4.9% O) 
Couples With Temperature Show Dis- 
continuities at the Extremities of 
a+ Range. Points obtained during 
heating and cooling are included to 
show similarity between the results 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- , ; ; 
tions, physical properties, tests, heat treating, etc. phase boundaries shown in Fig. 1. 
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The latter is in reasonably good 
agreement with the results of Jaffee, 
Ogden and Maykuth who employed 
optical metallographic methods. 
A ‘ Jenkins and Worner also studied 
4 } larger specimens of titanium-oxygen 
ABA A * 


alloys. In this work they used 


i. bl . ni ee magnesium-reduced TiCl, supplied 
AY ( oe. Warehouse Service by the U. S. Bureau of Mines. 
7 J i | \ ( * Vacuum fusion analysis of this ma- 


carn estan ne terial showed that it contained 0.17 
CHICAGO ~« HILLSIDE XN 


DETROIT + BUFFALO atomic percentage (0.5% by weight) 
CINCINNATI 


; oxygen. 

@ 7 RSE jE et In fanads as The workability of the titanium- 
oxygen alloys made from the Bureau 
of Mines material is graphed in Fig. 

and AISI 3 and their machinability is given 
in the table. Specimens up to about 

2 atomic percentage (0.7%) oxygen 


and Cleveland « Chicage + Detroit could be hot worked and machined 
134 Sidney St., Cambridge 39, Mass. Biliside, N.J. © Bulflale « Cincinnati satisfactorily. (Continued on p. 128) 
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HEADQUARTERS 


Above is a view of the new wing recently added to our engineer- 
ing department. 

Increasing this important function of our business means that 
we have increased our capacity and ability to help you solve 
your forging problems! 

The door is always 7. Bring your prints and samples of hot 
or cold forging jobs. No « o obligation, of course. 


NATIONAL 


MACHINERY COMPANY 


TIFFIN, OHIO — SINCE 1874 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES * MAXIPRESSES * REDUCEROLLS * COLD HEADERS © BOLTMAKERS © NUT FORMERS © TAPPERS © MANLMARERS 
Hartford Detroit Chicago 


>) 
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=—— Awericam Cuemicar Pains: Cosmpangy Titanium-Oxygen Alloys 
AMBLER PENNA. 


(Continued from p. 126) 
Weight Percentage Oxygen 
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Technical Service Data Sheet 
Subject: IMPROVED DRAWING AND COLD 


FORMING WITH GRANODRAW 


INTRODUCTION: 
When steel is phosphate coated with 


“Granodraw” prior to working it, 

drawing, extrusion, and other cold 5 

forming operations are greatly im- 

proved. In fact, the protective phos- ; Fig. 3—Workability of Ti-O Alloys 

phate coating makes the cold extru- ; 

sion of steel possible. s OXYGEN, 
" : ATOMIC % 


8 
S 





Temperature, °C. 
§ 8 


hy 
S 











2 
Atomic Percentage Oxygen 


COMMENTS 
Getting cold steel to flow depends 
on the uniqué properties of this coat- Machined easily, no difficulty 
ing. Its non-metallic phosphate crys- . , i in drilling or thread cutting. 
tals are physically and chemically § Could be turned satisfactorily, 
adapted to acquire a strongly adsorbed ; 2.1 but inclined to flake on 
lubricant. The combination of adher- 7% = 3. Geant cutting. Hard to 
ent phosphate coating and adsorbed : _— ; 
lub aeage 8 : The drawing of wire and many other cold ‘ Difficult to machine, thread 
uDricating film possesses a low co- forming : _ —— & cold vt cutting and drilling being 
“" e : e° sion ol — - faci : 
efficient of friction while maintaining ie de cuiteden af ee 5 very unsatisfactory and 
its integrity under extremely high phosphate coating and a suitable lubri- ? practically impossible on 


cant prior to working. . 4.5 and 5.0% alloys. 
deforming pressures. : 





Weight Percentage Oxygen 
0.25 0.50 


Uitmate Stress 
%Elong.in 0.5 In 





“GRANODRAW” DATA 


“Granodraw” zinc phosphate coating chemical is applied to pickled sur- 
faces in an immersion or spray process. When used with a suitable 
lubricant, the coating reduces friction under conditions of low, medium, 
or high deforming forces encountered in such typical operations as: 
cold extrusion of steel; cold shaping; deep drawing (tubs, cartridge 
cases, shells, etc.); stamping; drawing of wire and tubing; ironing; 
necking; nosing; and upsetting. 





Proof’ Stress 


5 —_Lver = 
. 
=) 


Stress, !OOO0 Psi 
iS) 
© 
w 
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ADVANTAGES OF PHOSPHATE COATING WITH 
“GRANODRAW” PRIOR TO COLD FORMING STEEL 


The following are among the advantages indicated for phosphate coating with v, Os 1 70 4 3 
“Granodraw” prior to cold forming steel Atomic Percentage Oxygen 
Drawing of wire, bars, tubing, etc. — Improved lubrication; improved surface; 


, sa saiiesll Gaal : i ceed Fig. 4— Mechanical Properties 
ess scratching educed pull, greater percent reduction per pass; reduced die of Annealed Ti-O Alloys. Proof 
stress is for 0.2% permanent set 











wear; longer die life; lower die maintenance and cost; reduction in corrosion. 
Drawing of stampings, shells, shell cases, etc. — Improved lubrication; reduced Results of ti r , 
»sults » te > tes 
breakage; reduction in scrap; deeper draws; less scratching; elimination of tl ” = nay tg tensile testing of 
Seed endiodiinns ten eats an dian ~. se a  e in aoa condi 
: er : , ion are shown in Fig. 4. The com- 
Cold Extrusion — \mproved lubrication; increased strength of parts; improved a sie 2 
bination of properties possessed by 
surface; reduction in load on press; greater dimensional accuracy; more uniform ve ‘ hey 
the 1.5 atomic percentage (0.5%) 
wall thickness; longer extrusions; elimination of some annealing; less corrosion. 2 - - 
alloy is good: approximately 105,000 
psi. yield, 115,000 psi. ultimate and 
25% elongation in ‘4 in. 
WRITE FOR FURTHER INFORMATION ON “GRANODRAW” T ' 
The authors remark that the 
AND ON YOUR OWN METAL PROTECTION PROBLEMS. . : . 
: mechanical properties did not vary 
for alloys quenched from the beta 
field. W. L. Fintay 
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CORPORATION 


CARNES IE, PeRmnAsvYTiVvaANIA 


@ CLAD METALS 






SuVeneer Clad Metals give you solid copper or 
brass surfaces ona core of strip steel. The product 
is bonded inseparably, stronger than either copper 
or brass alone, providing every advantage of the 
dense, solid, impermeable non-ferrous metals on 
one or both sides of the steel. 

Use SuVeneer Clad Metals as you would any 
coiled strip—improve your products, and save 


money! @ Complete details on request. 





The Accoloy Trademark 
means traditionally fine 
engineering and 
craftsmanship. It is 

a compliment to 
discriminating buyers 
and a profitable 
investment to 
manufacturers who 

use these Heat and 
Corrosion -Resistant 
Castings. 





“Preferred by Industry” 





ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN e ILLINOIS 
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THE BUYERS’ GUIDE FOR METALS ENGINEERS 
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PRODUCTS 
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CASTINGS 


CLEANING & 
FINISHING 


HEAT TREAT- 
ING SERVICES 


HEAT TREAT- 
ING SUPPLIES 


INSTRUMENTS 


LABORATORY 
EQUIPMENT 


METALS 
PLATING 
SUPPLIES 
SPRINGS 
TESTING 


TOOL STEEL 
WELDING 

















Castings 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min 
imum — 36% 


maaimum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock 


oe 

Only finish oper Ps 

ations required 

ore reaming small 

dia. of counter- 

bored hole and 

drilling and tap CJ 

ping for set screw 


ENGINEERED 
pRECIS! 





MORGANVILLE, N 


LIST NO. 4 ON INFO-COUPON PAGE 139 


Cleaning and Finishing 





Before you invest im barre! plating 
equipment, check the features of the 
Daniels OLS Plating Barrels. 

Forty years of experience in 
manutacturing barre! plating 
equipment hove led to the new 
Daniels OLS which con only be 
fully appreciated by thoroughly 
reviewing the facts as idlustrated 
in our new catalog. 

Write for your copy today! 
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ON CASTINGS CO- 








Time available 
FOR VAPOR DEGREASERS 


CENTRIFUGAL 


CASTING 
Non-Gran supplies both aluminum Metal Parts 


and tin bronze centrifugal castings, Cleaning Equipment 


as well as bronze sand castings 
Send prints. American Non-Gran PER-SOLV (Perchlorethylene) 
Bronze Co., Berwyn, Pa. 

CIRCO-SOLYV (Trichlorethylene) 
Write for Bulletin 








‘eer 


TOPPER EQUIPMENT — 
MATLWAN. NEW JERSEY 

. FFICE WN PRINCIPAL CITE 
MANUFACTURERS OF VAPOR DEGREASERS 
AND METAL PARTS CLEANING EQUIPMENT 


LIST NO. 10 ON INFO-COUPON PAGE 139 








ROUND-THE-CLOCK 
PRODUCTION! 


. 17932 RYAN ROAD 
— . 
§ DETROIT 12, MICHIGAN 
LIST NO. 15 ON INFO-COUPON PAGE 139 
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Abrasives Cleaning and Plating 





th Century 











MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
materia! remove! problems 
Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete 
granite, and marble 
“*Moldiscs” for rotary senders 
Grinding and Finishing 

Raw ae articles and rts. 
a Finishing ’ Rhodium is o> | ak cat 


Finishing Tools and Cutlery liantly we it cannot 


acid nor mix-— 
Metal Cutting-off—Wet or Dry Bars, Tub ture of acids attack it.” 
THE CLEVELAND Abnasi CO. ing, Structurals, etc. Foundry Cutting Our solution has excellent 
we —standard and reinforced wheels throwing power. if 
000 Kast 670 Sent Cleveland © One Grinding Carbide Tipped Tools Suggested objects a : 
ee ae ee ° plating with rhodium are 


. optical mounts, 
Write to Abrasive Whee! Department for communication 


Raybestos-Manhattan, Inc. ment, radar ¢ 


surgical instruments 
MANHATTAN RUBBER DIVISION S 


pen and pencil sets, The 
$2 TOWNSEND ST. + PASSAIC NW. J. practical plater's @umMmen 


perience will suggest 
LIST NO. 2 ON INFO.COUPON PAGE 139 LIST NO. 1 ON INFO-COUPON PAGE 139 oe — - — 

Commercial rhodium plat- 
ing was developed in our 
laboratories. Baker Rho- 


dium Plating Solution is- 
the original and is made 
under the direction of the 
men who developed the 
process. 


@ Let us send you Direc- 


originators of DI-PHASE metal cleaning tions for Rhodium Plating. 

















DESIGNERS & BUILDERS OF SPECIALIZED METAL CLEANING EQUIPMENT 


)R STR 


NEWARK 5, NEW 
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Heat Treating Equipment and Supplies 








Reduce (Costs... o * 


* x 


CIRC-AIR Tucrease Production! * * 
F & D FURNACES for all industries * DON'T We AIT... 


Engineered and Built to your * 


3 FURN : CES Specific Requirements COOPERATE! a 


Standard and Special Furnaces 
For Annealing, Normalizing, . 
for Hardening, Drawing, Forging, The U.S. Needs Your 


- 
Every Heat Treating Supe Ses. Steel Scrap, 


Process ° Now e 
* Let us solve your furnace problems *« * 


wm a & DREFFEIN ENGR. C0. 


East Monroe Street Nonferrous Scrap 
- Chicago 3, Illinois 


STate 2-4071 


DIRECT FIRED Is Needed Too 


x LIST NO. 5 ON INFO-COUPON PAGE 139 


CIRC-AIR DRAW 
renacs || === 


* Boron Steel 
CIRC-AIR NICARB the QUENZINE STORY 


Low priced, more readily available carbon 


(CARBONITRIDING) steels can often replace alloy steels when Just off the press . 


quenched in Beacon a timely collection of 
< oO » Quenching Oils with 


QUENZINE added eight articles on boron 


. . The 
1 P inf tion o ‘ 
prey Sepaens wv yor information on nk, tance’ tom 
x te «-t 4 — METAL Procness. 
Your Particular Needs i - pounds write to... 


e PROOLETS 2 Write now for your copy 


GAS ¢ OIL © ELECTRIC Boia 4 ee 


INDUSTRIAL " 
HEATING EQUIPMENT ALDRIDGE American Society 
INDUSTRIAL OILS, Inc. soo tilaahe 


3401 W. 140th St., Cleveland 11, Ohie 7301 Euclid 
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°F BUFFALO | LONGMEADOW, MASS. 
E. A. Mansfield B. G. Constantine 
Ellicott Square youn Engineering Co. 
CINCINNATI es 
Pearson Browne MILWAUKEE 
ist Nat'l Bank Bldg. Ed. P. Lindergren 

3748 W. \. 

CLEVELAND W. Greenfield Ave 
Alloy Sales & Service NEW YORK CITY 
Chas. Plant, Jr. . B. Steele 
8905 Lake Ave., Rm. 303 254 W. 3ist St. 
DETROIT PHILADELPHIA 
Gehringer & Forsyth Towle & Son 
16151 James Couzens Hwy. 18 W. Chelton Ave. Bidg. 


BF. Coombe Robt. A. Schmidt 
Hill Telephone Ra. 404 Fic Bldg STANDARD ALLOY CO., INC. 
1679 COLLAMER ROAD - CLEVELAND 10. OHIO 
LIST NO. 23 ON INFO-COUPON PAGE 139 
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Heat Treating Equipment and Supplies 


Every Type of Container or Holder for 
Handling Parts Through Heat Treating, 
Quenching, Pickling, Washing and 
Anodizing Operations 


Complete Design and Engineering Service 





CARBURIZING 
BOXES 


LIST NO. 12 ON INFO-COUPON PAGE 139 


HEAT TREATING INDUSTRY 
Since 1930 


Complete Service 
on Control Equipment 
Thermocouples 
Protection Tubes 

@ Charts and Lead Wire 


THE CLEVELAND ELECTRIC 


LABORATORIES COMPANY 


Cleve- 
land 3, 
Ohio 
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Representatives in Principal Cities 


Non-Case 


Anti-Carburizing Paint 


Applied to any part of a 
steel surface prior to car- 
burizing,Non-Case protects 
that specific portion from 
carburization and harden- 
ing. Easy to use, Non-Case 
is available in gallon cans. 


Write for Descriptive Literature 


THE CASE HARDENING 


SERVICE CO. 


3091 Mayfield Rd., Cleveland 18, O. 
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CHICAGO 39, ILLINOIS 


QUENCH TANKS RETORTS 


HEAT TREATING 
MATERIALS 
SINCE 1911 


PARK-KASE LIQUID CARBURIZERS 
QUENCHING ond TEMPERING OILS 
CYANIDE MIXTURES 

NEUTRAL SALT BATHS 

HIGH SPEED STEEL HARDENING SALTS 


TEMPERING ond ISO-THERMAL 
QUENCHING SALTS 

NO-CARB + NO-KASE + NO-SCALE 
* NO-TRIDE 

— PRODUCTS 


WOODSIDE RAPID CARBURIZERS 
ing Type 
Chercoal Coke 
Specifications 


PARK CHEMICAL COMPANY 


8074 Militory Ave.. Detroit 4, Michigar 
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y North American 


Manufacturing Company 


CLEVELANI 
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Heat Treating Services 


first in the Three T’s 


je 
. . . ume 
of Scientific Steel Treating... — 
a \ 4 HETHER it’s the treating of your rough forgings, emperature 
castings and bar stock, or your finish-machined parts— 








the 3 T’s of Scientific Steel Treating are at work for you 
From the unbiased, scientific recommendations of your 
Lakeside metallurgists, through the perfected, fully 
mechanized, electronically-controlled processes, to in- 
strumented, precision testing— Science directs every 
step. No chance for guesswork, or human error. Only 
with the finest, modern facilities can you be assured 
of highest steel treating quality 


echnique 





Our Seruices— Electronic Induction Harden- 


ing, Carbo-nitriding, Plame Hardening, Heat 


THE Treating, Bar Stock Treating and Straightening 
(mill lengths and sizes), Annealing, Stress Reliev- 
a ing, Normalizing, Pack, Gas or Liquid Carburizing, 
Nitriding, Speed Nitriding, Aerocasing, Chapman- 
e100 


izing, Cyanid . Sand Blasting, b tory Re- 
@& 5418 LAKESIDE AVE, CLEVELAND 14, OHIO) HENDERSON ve ee ee ne oe 
search, Tensile and Bend Tests 
LIST NO. 43 ON INFO-COUPON PAGE 139 


Heat Treating Be hilnaden | ae RETURN 


OF METALS 


Flame Stress Relieving ee P R oO C E s s lel * Y 0 Uj k 
oo Normalizing For * * 
Hosdeaing tion EVERY HEAT TREATING NEED kk 


Chapmanizing Carburizing 


e 
Cyaniding = 300-TON DAILY CAPACITY 4 C R A P 


Nitriding Annealing 
Cadmium, 


x & 
‘ Hardening of * 
—_— Dies or Tools M re) 
Anodizing oy" Rete-Blesting a PRODUCERS MUST 



































Afocking of Silver or FACILITIES 
SVAINCEN: HAVE IT TO MAKE 
MILL PRODUCTS 


PITTSBURGH COMMERCIAL 
HEAT TREATING CO 


90 49th Stree? he le Le 
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ve-wmas worn LINDBERG STEEL TREATING CO. 
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Heat Treating Services, Testing Services 


A NEW TESTING-ANALY ZING 


4a 
Ww 
BOOK 


ELEMENTS 
OF 
HARDENABILITY 


By M. A. GrossMANN 
United States Steel Co. 











The author of this important 
book brings practical experi- 
ence and sound judgment to 
bear upon modern concepts 
of hardenability. The four 
sections are illustrated with 
111 graphs and charts to in- 

sure clarity of presentation. ae — 
164 pages; $4.50. BRIGHT HARDENING OF STAIN- 
LESS STEELS...STEAM TREATING 
Published February, 1952 MARDEN. Temoomne 


.. HARDENING ... TEMPERING 
... CLEANING 





Our Metallurgical Engineers can 
help with your metal treating 
problems 


2 
AMERICAN SOCIETY for METALS $H COMMERCIAL Dos. 3 | 
7301 EUCLID AVENUE STEE TREATING CORP. STANDARD STEEL TREATING CO 


CLEVELAND 3, OHIO $100 Tireman Detroit 4, Mich 


3467 LOVETT Ave NETROIT, MICH 


TYler 
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zottom Furnaces Complete Heat “/rcating Factlities “er 


jon Furnaces 


Fn Bou Pee FORGINGS, CASTINGS, TOOLS, PARTS 


nite Special Jobs or Production Runs 


Large Cart 


Cony ect 


Cart 


Controle \ Baths 


‘yanide and Neutr@ 
& fr 


Complete Heat Treating 
Carburitine ing Counsel Without Obligation 


Indi sie" 
Normalize © 


Annealing 
Grit Blasting 


Shot Blasting 


Send for Free Booklet of 
Complete Facilities 
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Instruments, Inspection, Testing and Laboratory Equipment 





NS) Ge 2 @) D) st x 
for all kinds of 


WN 31@) 7 SO) 0 4 
FURNACES 


for 


Annealing 
phere : 
peso & Sintering 
C ombustions 


“ey Tests 
Hardenobilit¥ ie 


melting Y 
Melting , 
metallur dice eriments 
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i Metallurgy 


de 
Pow ork 


Research th 
Salt & Lead Bo Tempering 


ple 


Standardization 


Thermoco” 


20! 


‘i 5 
Ask for ff alalog : 


\i/- _ ee 
ey 7 
all 
You tell Boder what you need. 


BoDER ScIENTIFIC Co 


719-723 Liberty Ave. 
PITTSBURGH 22, PA. 
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U-TYPE + WELL TYPE + DUAL TUBE 


FLOW METERS 
DRAFT GAUGES 


For measuring pressure, 
vacuum and differential pres- 
sure of liquids and gases. 
Also a complete line of 
accessories. 


ASK FOR CATALOG C-12 
THE MERIAM INSTRUMENT CO. 


10932 MADISON AVE. 
CLEVELAND 2. OHIO 
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ee Fast and Efficient \ 
HARDNESS TESTING 


t 


Use (iia ie 
the COLMAN 
Iimpressor 


ON ALUMINUM, COPPER, BRASS, BRONZE. PLASTICS 


Works on the principle of forcing a hardened, 
spring-loaded steel point into the surface, the 
amount of penetration registering instantly on 
a dial indicator to give a dependable measure 
of hardness. Can be used in any position. Simple 
to operate. Ruggedly built. Thousands in use. 


Write for Bulletin 1689-1 


BARBER-COLMAN COMPANY 
1225 ROCK STREET - ROCKFORD, oe 
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If you want to perform 
Tensile or Brinell testing operations 
quickly and simply — contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 
LIST NO. 54 ON INFO-COUPON PAGE 139 


r . sd Vf 
KENTRON 
4a - 
MICRO 
HARDNESS TESTER 





Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Corre LABORATORIES 


PEEKSKILL NEW YORK 
T NO. 53 ON INFO-COUPON PAGE 139 


Solue 


INSPECTION 
DEMAGNETIZING 
SORTING 
PROBLEMS «<¢Z 


MAGNETIC ANALYSIS 
EQUIPMENT 


Electronic Equipment for non-destructive 
production inspection of steel bars and tub- 
ing for mechanical faults, variations in 
composition and physical properties. Aver- 
age inspection speed 120 ft. per minute. 

This Equipment is now employed by more 
than 40 Steel Mills and many Steel Fabrica- 
tors. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equip for efficient producti 

demagnetizing of steel bars and tubing. 
When used with Magnetic Analysis Equip- 
ment inspection and d gnetizing can be 
done in a single operation. 


MAGNETIC ANALYSIS 
COMPARATORS 


Electronic Instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
physical properties. 








ALSO MAGNETISM DETECTORS 
Inexpensive pocket meters for indicating 
magnetism in ferrous materials and ports. 
For information write THE TEST TELLS* 


MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St. Long Island City 1, N. Y. 
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Headquarters for 


NON-DESTRUCTIVE TESTING 
and 
MEASURING INSTRUMENTS 


ULTRASONIC & MAGNETIC 
INSPECTION EQUIPMENT 


Crack & Defect Locators 
Metal Sorters 
Ultrasonic Thickness Gages 


ELECTRONIC MICROMETERS 


For production measurement of precision 
components to within 0.000020 ia. 


J. W. DICE CO. 


ENGLEWOOD, N. J. 
SEND FOR BULLETIN 21 
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Be Fully Informed 
about 


TOOL STEELS 


Own your own copy 


of the 6 book 


TOOL STEELS’ 


J. P. Gill 
R. B. George 
G. A. Roberts 
H. G. Johnstin 


Chapters on Manufacture, Clas- 

sification, Testing, Selection, Heat 

Treatment, and on each princi- 
pal type of tool steel. 


578 pages 
277 illustrations 
564 references in 

bibliography 
$7.50 


AMERICAN SOCIETY FOR METALS 
7301 Euclid Ave., Cleveland 3, Ohio 





Metals, Metal Forms, Tool Steel 








WHITELIGHT 


your comprehensive independent 
source of magnesium 

Tubes @ Rods © Shapes © Sars 

Hollow Extrusions © Plate © Strip 

@ Pipe © Wire © Welded and 

Riveted structures and assemblies 


WHITE METAL ROLLING 
& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office 
376 Lafayette St., New York 3, N. Y. 
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Dow 
PRK-33 4 i 22". 
NEOR 4 S22" 
MINEOR 4 22: 
DARWIN & MILNER INC. 


Highest Grade Tool Steels 
2345 St. Clair Avenue 
Cleveland 14, Ohio 
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NOW AVAILABLE 
FROM STOCK 


e High Speed: 
T-1 to T-15, M-1 to M-56 


e High Carbon—High Chrome 
e Oil Hardening 
e Air Hardening 
e Water Hardening 
© Hot and Cold Work-Die Steel 
@ Fast Finishing Steels 


COMPLETE WAREHOUSE 
FACILITIES 


STOCK LIST MAILED 
ON REQUEST 


RELIABLE 
STEEL CO. 
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rit 





meets every Engineering Problem 


IF it’s intricate or simple... large or small production 


any metal you name - 


Investigate the C. A Dablin 


facilities for dependable service and quality workmanship. 
Write today for the C. A. Dahlin Special Bulletin. 


- DAHLIN 


2729 CLYBOURN AVENUE 
Phone LAkeview 5-9116 
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COMPANY 


° CHICAGO 14, ILLINOIS 


= | 


METAL PROGRESS; PAGE 137 








Springs, Spring Metal 








COMPRESSION « TORSION » 
FLAT+ EXTENSION*+ AND 
SPECIAL TYPE SPRINGS 


Sg 


METAL STAMPINGS AND 
WIRE FORMS 





JOHN EVANS’ SONS, Inc. 











“SILVERCOTE’’ « 
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BRONZES + ALUMINUM 
COPPERWELD «+ SILVER PLATED WIRES 
OTHER NON-FERROUS 


rounn WIRE 


gor 
* SPRINGS 
* FORMS 
* ELECTRONICS 
* SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


189 Caldwall Av. * Paterson 1, N. J 


FLAT 
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Stainless Steel in strip, sheet, bors, tubing and 
accessories 

Cold Finished Steels in al! standard shapes 
and carbon analyses 

Spring Steels in Blue Tempered and Polished 
Coils, Cold Rolled Annealed Coils and Straight 
Lengths in 1070 and 1095 Corbon grades and Hot 
Rolled SAE 1095 and 9255 Bors. Wires include 
Polished Music Spring Wire, Block Oil Tempered 
Spring Wire 

Cold Rolled Sheets — Cold Rolled Strip in 
coils and straight lengths, all tempers, slit, 
sheared and round edge 

Planet Drill Rods Rounds sizes from 013 to 
2 in. -flats and squares 

Aluminum Sheets in coils and straight lengths 
in all alloys.-Aluminum Bars and Rods. 
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Wanted! 


Lubricants 





DRAWING 
STAINLESS ? 


Use eee 
Hangsterfer's 


LUBRICANTS 


for... Increased Production 
Less Scrap 
Longer Die Life 


Doing the most difficult jobs for the 
major metalworking plants throughout 
the United States and Europe 


HANGSTERFER'S 
LABORATORIES, INC. 
21 Cooper Street - Woodbury, N. J. 
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RESIDUAL STRESS 
MEASUREMENTS 


This volume, written by four 
outstanding authorities, de- 
votes 204 pages to the impor- 
tant problem of the nature and 
extent of residual or “internal” 
stresses in metals and metal 
parts prior to actual structural 
or operating use. 

How to measure residual 
stresses ... The state of stresses 
produced in metals by various 
processes ... Relief and redis- 
tribution of residual stresses in 
metals...How residual stresses 
originate, their nature and 
their effect on metals. 

204 pages, $4.50 

PUBLISHED APRIL, 1952 


AMERICAN SOCIETY for METALS 
7301 Euclid Ave. Cleveland 3 














PLAN 
TO ATTEND 


MORE IRON AND STEEL SCRAP OF ALL KINDS NATIONAL METAL 


Steel mills and foundries need more Cougress 
scrap —all sorts of idle all 


iron from 
Pe es 


PHILADELPHIA 
OCT. 20 - 24 


types of plants. 
Search your plant for this idle metal 
work with your local scrap dealer to 
increase supplies of badly-needed iron 

and steel scrap. 


NONFERROUS SCRAP IS NEEDED, TOO! 
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These 20,000 engineers in 
the metal industry have 
hundreds of titles. Regard- 
less of title, they share a 
common interest in metals, 
metal treating, fabrication, 
testing and application. 
Their engineering society 
is ASM; their engineering 
magazine, Metal Progress. 


METAL PROGRESS 


7301 EUCLID AVENUE 
CLEVELAND 3, OHIO 





Welding and Brazing Equipment and Supplies 





U SILVER BRAZING 
PRODUCTION 


with 
Stress-Relieved 
“No-Tangle” Notch-Coil 
Silver Brazing Rings 
and Coined Washers 


Made from Sil/fos and Easy-Flo 
in any diameter. 





Write NOW for samples 


LUCAS-MILHAUPT 
ENGINEERING COMPANY 


LIST NO. 46 ON INFO-COUPON BELOW 


























A CABLE SPLICED 
IN 10 seconps! 


olla 

ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 

2070 E. Gist Place, Cleveland 3, Ohio 


Write for Caddy Catalog 
ON INFO-COUPON BELOW 





—E 
LIST NO. 71 








READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenve, Cleveland 3, Ohic 


as checked at the right, on the advertisements in the 





Please send further inf ati 


Bulletin Beard with numbers | have listed below — 


(Bulletin Board Item Number) 


Your Name 


___@Please check) 
Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info Supply 








LIST NO. 72 ON INFO-COUPON AT LEFT 


OHIO 


NORTH RANDALL (CLEVELAND 22 


AUTOMATIC WELDING 
MAURATH, INC. 


ARC WELDING ELECTRODES 
ALL ANALYSES—COATED, STRAIGHTENED AND CUT, OR COILED FOR 


MANUFACTURERS AND PROCESSORS OF STAINLESS AND HEAT RESISTANT 


21830 MILES AVENUE 
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STAINLESS 
STEEL 
RINGS 


ECONOMICAL 
SPECIALTY 
of 


G. O. CARLSON 
INC. 





© All stainless steel analyses to chemical industry 
standards. 


© Rough cut or rough machined from plate or 
forged and rough machined. 
© Any size—any thickness—any quantity. 


© Your orders and inquiries will be given prompt 
attention. 


Gf. ar.son, INC. 


Stainless Steels Exclusively 
200 Marshalton Read, Thorndale, Pa. 
PLATES ¢ FORGINGS + BILLETS ¢ BARS ¢ SHEETS (No. | Finish) 
Warehouse distribaters im principal cities 
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Wrought Alloys of 
Magnesium - Misch Metal* 


N AGNESIU M-RARE EARTH alloys have 

received considerable attention 
during the past decade because they 
have better elevated-temperature 
properties than most magnesium 
and aluminum-base materials. 

In 1949, the National Advisory 
Committee for Aeronautics spon- 
sored a study of magnesium — misch 
metal (the latter containing about 
50% Ce) wrought alloys at Battelle 
Memorial Institute. The objectives 
of the investigation were: (a) to 
establish the optimum misch metal 
and manganese contents of magne- 
sium alloys for the best elevated- 
temperature properties, and (b) to 
study the effects of minor additions 
of other elements on these elevated- 
temperature properties. 

Experimental alloys were melted 
and cast into 3-in. diameter steel 
molds. The ingots were scalped and 
extruded to “%-in. diameter bar 
stock from which standard tensile 
and creep specimens were prepared. 
Most of the specimens were solution 
heat treated at 1040° F., cooled in 
air, and aged at 400° F. for 16 hr. 
prior to testing. All the alloys were 
given static tensile tests at room 
temperature and at 600° F. Alloys 
showing promise were also tested 
at 300, 400, and 500° F. Specimens 
tested at 400° F. were stabilized at 
500° F.; those tested at 500° F. were 

F.; and those tested 
at 600° F. were stabilized at 650° F. 
All of the stabilization treatments 
were carried out for 24 hr. 

The creep resistance of the vari- 
ous alloys was measured at 600° F. 
under a 2000-psi. load. This load 
was run approximately one week 
and then discontinued if the alloy 
had poor creep resistance. Prom- 
ising alloys were given longer tests. 
They were also tested at stresses of 
1500 and 2500 psi. in addition to the 
standard load. 

It was found that manganese in 
the range 0 to 1.9% does not have 
an appreciable effect on the room- 
temperature tensile strength, yield 
strength, or ductility of a magnesium 
alloy containing 2 or 4% misch 
metal. At 600° F., the creep resist- 
ance, tensile and yield strengths of 
the magnesium -—misch metal base 

(Continued on p. 142) 


*Abstract of “Development of 
Magnesium — Misch Metal Wrought 
Alloys for Use at Elevated Tempera- 
tures”, by K. Grube, R. Kaiser, L. W. 
Eastwood, C. M. Schwartz and H. C. 
Cross, Technical Note 2325, March 
1951, National Advisory Committee 
for Aeronautics. 





"One World.” All over the globe, men have come 
to acknowledge this unique concept as the most effect- 
ive basis for solving innumerable problems related to 
human progress. 

“One Nichrome.” All over the globe, men have 
come to acknowledge this unique alloy as the most 
effective means for solving a host of problems also 
related to human progress—in the fields of engineering 
and production. 

This being so, we take particular pride in our 
trademark: NICHROME-—granted solely and wholly 

“TM. Resiotered to us by the United States Patent Office forty-three 
in United States years ago. Representing a series of superb electrical 
Patent Office by heating and resistance alloys, developed and produced 

Btee-Stervts Cine only by Driver-Harris, it symbolizes top quality and 
August, 1908 utmost dependability to manufacturers everywhere. 


ee World-Fomous Nichrome’ is produced only by 


Driver-Harris Company 
HARRISON, NEW JERSEY 
BRANCHES: Chicago, Detroit, Clevelond, Les Angeles, Sen Froncisco 


Manufactured and sold in Canada by The B. GREENING WIRE COMPANY, LTD., Hamilton, Ontario, Canada 
Factories: U.S.A., CANADA, ENGLAND, IRELAND, FRANCE, ITALY, SPAIN Representatives in 38 COUNTRIES 


MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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Ammonia installation 
can be as easy ag this | 


Simple or complex, Armour Technical Service Men 
can solve your installation problems. 


Even the smallest ammonia installations can involve real problems, no matter 
how simple they seem. And all kinds of problems crop up in big installations 
Big or small, all these problems add up to lost money. That’s why it pays to 
have men with the proper background and know-how available at all times 

When you buy ammonia from Armour, you're assured of this kind of 
money-saving service. The men of our Technical Service Department are 
equipped to answer questions and solve problems relating to all ammonia in 
stallations for metal treating. To extend knowledge about the use of ammonia 
in metal treating, Armour has long maintained a fellowship at M. I. 1 

lo find out more about how you can put this know-how to work for you, 
send the coupon for any or all of the informative booklets. Or write today 
giving details about your installation or problems. Your questions will be 
given prompt and thorough attention 


yre Ammonia and Serijep 


don Armo 


You can depen 


Armour and Company, 1355 W. 31st St., Chicago 9, Ill. 
CLIP AND MAIL THIS TODAY! 


Please send me copies of the following booklets 


Applications of Dissociated Ammonia” 0 “The Nitriding Process 
Ammonia Installations for Metal Treating 1 “Carbonitriding 

Name Title 

Firm 

Address 


City 


cc----- 
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Wrought Alloys of 
Magnesium _ Misch Metal 


(Continued from p. 140) 
alloys increase appreciably with 
manganese additions up to approxi- 
mately 1%. No particular advan- 
tage is obtained by increasing the 
manganese above this amount. 

The effects of misch metal on 
magnesium containing 1.5 to 1.9% 
manganese were determined. The 
ultimate strength at 600° F. is in- 
creased from about 4000 psi. at zero 
percentage misch metal to about 
10,200 psi. at 2%; no appreciable 
improvement in tensile properties is 
obtained by misch metal additions 
above 2%. Misch metal does not 
have a very marked effect on the 
creep resistance of the magnesium- 
manganese alloys in the heat treated, 
aged and stabilized conditions at 
600° F. There is some evidence that 
there is a minimum in the creep 
rate and in the total deformation 
at the end of 120 hr. when the 
misch metal content is in the range 
of 1.4 to 2.4%. 

It is apparent that both manga- 
nese and misch metal play impor- 
tant roles in producing good high- 
temperature properties at 600° F. A 
satisfactory base composition might 
contain approximately 1.5% man- 
ganese and 2.0% misch metal. 

In the second phase of the in- 
vestigation, the effects of additional 
elements on the properties of the 
magnesium alloy containing 2.0% 
misch metal, 1.5% manganese were 
studied. Small additions of nickel 
increased the ultimate tensile and 
yield strengths at 600° F. by about 
2000 psi. each, and also improved 
the creep resistance. Small quanti- 
ties of aluminum, silver, cadmium, 
cobalt, molybdenum, strontium, tel- 
lurium or tungsten when added to 
the nickel-containing alloy did not 
appreciably improve the elevated- 
temperature properties. 

As a result of the investigation, 
it may be stated that a magnesium- 
base alloy containing 2% misch 
metal, 1.2 to 1.8% manganese and 
0.2% nickel appears to have excel- 
lent physical properties at high 
temperature: 

Limited efforts were made _ to 
correlate the metallographic struc- 
ture and creep properties of several 
of the extruded magnesium — manga- 
nese —misch metal alloys. Although 
this phase of research was con- 
cluded prematurely, the data ob- 
tained indicate that a continuation 
of this investigation would provide 
some valuable information. 

K. Grupt 





A TEN-FOLD 


Jucronde 


SPENCER 
TURBO-COMPRESSORS 


N YEARS 


The horsepower of Spencer Turbo-Compressors 
lled annually has increased tenfold in as many 
years. The simplicity of design and dependability of 
the all-metal Spencer with wide clearances and ball 
bearings is responsible for impressive repeat orders. 
More than 30 furnace and oven manufacturers pre- 
fer Spencer for their equipment. And a widening of 
the applications for blowing, cleaning, cooling and 
drying with high volume, low pressure air has ac- 
counted for many new installations. 


Are you familiar with the many ways air is being 
used in industry? The how, when, and where of com- 
pressed air is described in the new Spencer Data 
Books No. 107-C and 126-A. Ask for your copies 


now. one 


SPENCER 


HARTFORD 
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FOR INCREASED PRODUCTION 
or NITRIDED PARTS use a 


HEVI DUTY car sorrom 





nitriping FURNACE 


Manufacturers producing nitrided parts for 
aircraft, engines, and heavy machinery items 
have found that more production is possible at 

a saving in cost when they use the Hevi Duty 

Car Bottom Nitriding Furnace. 
The furnace car, complete with 
sealed retort and ammonia 
dissociation equipment 

can be removed from 

the furnace for cooling 

and a second car with 

a cold load can be 

inserted immediately for 

a minimum loss of time 
between heats. 

W rite for Bulletin HD-664 


Fah 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIeDUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 


— 
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Internal Friction 
and Aging of Steel* 


MPVuE INTERNAL FRICTION of tor- 
sional oscillations of small am- 
plitude of iron and steel wires is 
an after-effect phenomenon that, 
under certain conditions, arises 
from the diffusion of foreign atoms 
in the iron lattice. An application 
of this phenomenon gives an insight 
into the precipitation of carbon or 
nitrogen in q-iron, a condition re- 
sponsible for quench aging. The 
damping experiments carried out 
by Fast and his colleagues throw 
more light on the part played by 
manganese in nitrogen-containing 
iron. Carbon and nitrogen can 
cause friction only if they are 
present in the iron in the solute 
state, and not if they are present 
in the form of carbide and nitride. 
It is shown how the internal 
friction, resulting from the solute 
atoms jumping from one interstice 
in the crystal lattice to another, 
causes the amplitude of torsional 
oscillations to decay exponentially. 
At a certain frequency, the degree 
of damping depends upon the dif- 
fusion rate of atoms and thus upon 
the temperature, the logarithmic 
decrement as a function of the 
temperature showing a maximum 
at a very definite temperature. The 
height of this maximum is directly 
proportional to the amount of dis- 
solved atoms and thus decreases 
with increasing precipitation. 

In conformity with the conclu- 
sions drawn from hardness meas- 
urements, manganese appears to 
have no influence upon the pre- 
cipitation of carbon in carbon- 
containing iron after quenching; 
the precipitation of nitrogen in 
nitrogen-containing iron is greatly 
retarded by manganese, so much so 
that even after 66-hr. heating at 
390° F. (after quenching) only 
about a third of the nitrogen is 
precipitated as a _ (metastable) 
nitride. 

The results of the damping ex- 
periments carried out by the au- 
thors throw light upon the atomic 
processes responsible for this be- 
havior and make it possible to give 
a new explanation of the mysterious 
phenomenon of “magnetic aging”, 
indicating that it is to be ascribed 
not to the nitrogen alone but to the 
simultaneous occurrence of man- 
ganese and nitrogen in steel. 

Tom BisHop 

* Abstract of “Internal Friction in 
Iron and Steel”, by J. D. Fast and 
L. J. Dijkstra, Philips Technical Re- 
view, Vol. 13, Dee. 1951, p. 172-179. 











teamwork 


makes fine steels 
at Jessop 


Visit revitalized Jessop at Washington Pa. and 
you'll be impressed by the comradeship, team- 





work, and intense activity you see. You'll find 
Jessop people in the plant and in the office work- 
ing closely together with evident purpose. Their 
purpose is the production of the finest special 


steels you can possibly buy. If you buy any spe- 


cial steels at all, remember that every man on 
the Jessop team wants you personally as a satis- 


fied customer. 





STEEL COMPANY - WASHINGTON, PENNSYLVANIA 


JESSOP 








Remove scale quickly... 


without loss of base metal 


DU PONT SODIUM HYDRIDE DESCALING PROCESS 


SCALE can be quickly, thoroughly and economically re- 
moved from a wide variety of metals with the Du Pont 
Sodium Hydride Descaling Process. Equipment can be 
manually operated, conveyorized or continuous and is 
economical to install and operate. Treatments can be 
carried out on finished articles or processed stock of all 
sizes and shapes . . . leaves parts clean, bright and uniformly 
free of scale and smut. 


LOOK AT THESE ADVANTAGES 
OF THE SODIUM HYDRIDE PROCESS 


UNIFORM DESCALING—On all surfaces without need for 
special racking procedures. 

HIGH-SPEED OPERATION—Descales in shortest practicable 
time cycle. ; 

NO LOSS OF BASE METAL—Bath action is reducing. Reaction 
stops when oxygen is removed from scale . . 
pickling losses, etching and pitting. 


. eliminates 


ECONOMICAL TO OPERATE—Permits savings in acid and 
metal . . . handles large volume of work in small space . . . is 
non-electrolytic 

HANDLES DIFFERENT METALS—Aliloy steel, stainless steel, 
nickel, copper, titanium and cobalt bearing alloys can be 
efficiently descaled—even in the same bath. 


USES LOW-COST EQUIPMENT (Carbon Steel 
hydrogen embrittlement. 


Tanks). No 


FOR MORE INFORMATION about the Du Pont Sodium 
Hydride Descaling Process, just get in touch with our 
nearest district or sales office or send the coupon below to: 
E. I. du Pont de Nemours & Co. (Inc.), Electrochemicals 
Department, Wilmington 98, Delaware. 


DISTRICT AND SALES OFFICES 


BALTIMORE | 
BOSTON 
CHARLOTTE | 
CHICAGO 
CINCINNATI 
CLEVELAND 


DETROIT 
KANSAS CITY* 
LOS ANGELES 
NEW YORK 
PHILADELPHIA 
PITTSBURGH 
SAN FRANCISCO 


DU PONT 
Sodium hydride process 
for positive descaling 


——— 180% Anniversary 


SETTER THINGS FOR SETTER tivine THROUGH CHEMISTRY 
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ROUGH FORGINGS |. Scole is quickly and uniformly removed from 
stainless steel turbine blades between forging operations. Hydride 
process permits high-speed descaling at low cost . . . can handle 
many types of metal in o wide range of sizes and shapes. 


FINE MACHINED PARTS .. . High-speed steel thread chasers are 
thoroughly descaled prior to final inspection. Hydride descaling 
does not attack base metal . . . permits close dimensional accuracy 
of ports to be maintained —even in fine, recessed areas. 


I. du Pont de Nemours & Co 
Electrochemicals Department 
Wilmington 98, Delaware 


Inc 


Please send me detailed information on the Du Pont Hy- 
dride Descaling Process: advantages, applications, equip- 
ment used 


I am interested in cleaning products. 


Name Position 





Firm 





Street and No 





City State 





Icchen tinlchesaystntis laciadinceap tesa eth einidens bpm nan aoa nna 





Melting Capacity 
30,000 pounds per hour 


RRR a RTA reel 


-and five men 
do it all 


As a part of the most modern and completely 
integrated brass cold-rolling operation in the 
world, Scovill Manufacturing Co. of Waterbury, 
Conn., has in operation three 1000 kW Ajax- 
Scomet electric induction melting furnaces with a 
production of 10,000 pounds each per hour. These 
furnaces, the largest in the brass industry, are 
equipped with the most precise control of melting 
temperatures by means of a permanently inserted 
thermocouple and have thereby considerably re- 
duced melting losses. 


INDUCTION 
FURNACES 


In operation at the Waterbury, Conn., plant of the 


Scovill Manufacturing Company 


Every half hour each of these furnaces, in turn, 
discharges its 5,000-pound charge into a ladle 
which is transferred by crane to a holding fur- 
nace (shown at right) of 9,000 pounds capacity. 
This furnace is mounted over the continuous cast- 
ing machine, located on the floors below, and thus 
is able to provide a permanent flow of molten 
brass to the mold. The intermixing of the charges 
from the three furnaces gives additional uniform- 
ity of composition. 


WRITE FOR FURTHER DETAILS ABOUT AJAX FURNACES 


AJAX 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


INDUCTION MELTING FURNACE 





TAMA-WYATT — o\ 





AJAX ELECTRO METALLURGICAL CORP.. cad Associated Compames 
AJAX ELECTROTHERMIC CORP... hax Nornrcp Hogh Frequency induchon lomeces 
AJAX ELECTRIC CO., INC... Ine Au Mulgen ticme Sor Bom homes 
AJAX ELECTRIC FURNACE CORP., Ajax Wyatt induction Furnaces tor Meng 


MAY 








...a complete set-up for 
heat-treating small tools 


small tool 


litt: furnaces 


Contains a pre-heat furnace, a high-heat furnace 
— and quench tanks in a unit designed for convenient 
y te positioning in your shop. Furnace sections are equip- 
ped with casters. 
Temperature range permits treatment of all high 
speed steels including cobalt type. 
Waltz small tool furnaces are “‘money makers” in 
many shops throughout the country. Enjoy the lucra- 
tive advantages of heat-treating facilities right in 
your own shop. 
A complete line of Waltz standard or special heat- 
treating furnaces using all types of fuels are built to 
suit your requirements. Write for comprehensive illus- 
trated bulletins. 


lurnace quench tanks 
furnace ( corner 


positioning 


ame 
furnace -furnace-quench 
tanks (side - by - side ) 
positioning 


Lag | 


lurnace- quench tanks 


without obligation 


furnace (side 4 
urnace (Side - by de) se aoe ee 


positioning 


elke furnace company § 


| STREET + crv 
Ee hcis; OHIO &aeeaeee=" 
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High-Speed Toolsteels* 


HE MOST IMPORTANT FACTOR Which 

makes molybdenum steels diffi- 
cult to manufacture and heat treat 
is their strong tendency to decar- 
burize; therefore, it is necessary to 
use surface coatings on the steels 
during their manufacture and heat 
treatment. Borax has a wide use 
for this. 

The straight molybdenum steels 
have a lower melting range than 
do the equivalent tungsten high 
speed steels, hence they must be 
austenized at a lower temperature 
than the latter. Molybdenum steels 
also possess a much narrower hard- 
ening range and in consequence it 
is necessary to carefully control the 
austenizing temperature. 

A salt bath is preferred for 
austenizing this type of steel, and 
although tempering can be carried 
out in the conventional forced air 
circulation furnace without undue 
risk of decarburization, neutral salt 
baths make this latter operation 
virtually foolproof. If gas or electric 
muffle-type furnaces are used, it is 
necessary to coat the tools with 
borax or allow for decarburization 
which can be ground off after the 
heat treatment. An even coating 
of borax is obtained by warming 
the steels to about 300° F. and then 
dipping them into a saturated so- 
lution of borax; however, temper- 
ature of the tool should not exceed 
480° F. prior to immersion because 
temperatures in excess of this often 
cause cracking of the tools during 
the dipping operation. Austenizing 
temperatures and soaking times for 
a straight 9% molybdenum steel 
as compared with the standard 
tungsten 18-4-1 type are given in 
Table I. Hardness of both types is 
Rockwell C-63 to 65. 


Table I — Heat Treatment of 9% Mo 
and 18-4-1 High Speed Steels 
AUSTENIZING 
Type TEMPERATURE 
9% Mo 2190-2260° F. 
18-4-1 W 2300-2370 
The austenite retained by mo- 
lybdenum high speed steels is con- 
siderably less stable toward tem- 
pering than that retained by the 
normal 18-4-1 tungsten steel; con- 
sequently, it is possible to temper 
the former at temperatures that are 
lower by 50 to 70° F. 
An important advantage of 
(Continued on p. 148) 


* Abstract of “Tungsten and Mo- 
lybdenum as Hi th-Speed Steel Tool 
Materials, Part 2”, by K. J. B. Wolfe, 
rong Ry Metals Review, Vol. 8, Septem- 

rl 


SOAKING 
TIME 
1%-2 units 
1 unit 





SELL YOUR BRASS 
MILL SCRAP PROMPTLY 


To keep production rolling 


Help lick the shortage of brass and copper. 
Make sure that every pile of brass mill 
scrap in your factory — even if it is only 
a hundred pounds — is sold at once. 





Not only is this scrap immediately salable 
on today’s market — it will bring vital 
metal to the production lines 

where it is sorely needed. 


Both the defense program and civilian needs 





require more and more copper and brass. 
To prevent increased shortages and even 
more stringent regulations, see that your 
brass mill scrap is moved promptly. 


Chase Pp: BRASS & COPPER 


WATERBURY 20, CONNECTICUT © SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


« The Nation's Headquarters for Brass & Copper 


Kansas City, Me. 
(es Angeves 
Mrwmunee 

M nneapetss 
Newark 

New Orieans 
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for Scale-Free Heating for Forging 





@ Electrically Heated 
@ Controlled Atmosphere 
@ No Muffles or 

Radiant Tubes 


@ Rotation speed of hearth adjustable 
@ 4 Ft. Diameter Carborundum Hearth 
@ Furnace and Hearth Sand- or Oil-Sealed 
@ Furnace Body may be raised for repairs 


No Oxidizing-No Scaling-No Slagging 
Good Delivery on Priority Orders 


W. S. ROCKWELL COMPANY 
FURNACES * OVENS + BURNERS * VALVES * SPECIAL MACHINERY 
204 ELIOT STREET © FAIRFIELD, CONN. 














Reduce weighing time to 3 with one of two 


““SELECTAS”’ by sarrorius 


ANALYTICAL SPEED BALANCES 


Each Unequalled in its 
Range for: 


e SPEED 

@ ACCURACY 

e CONVENIENCE 
@ RELIABILITY 


e NO WEIGHT HANDLING 
ALL Weights Built-in 


Specifications 
“Semi 
“Rapid” Micro” 
Price: $895.00 $985.00 
Capacity: 200 grams 100 grams 
Sensitivity: 1/10 mg 1/100 mg 
Reading: 1/10mg 1/50 mg 
Automatic 
Range: 100mg 20mg 
For Full Information on This Unique Balance — Write to: 
SARTORIUS DIVISION 


Cc. A. BRINKMANN & CO. «+ P.O. Box 532, Great Neck, N. Y. 
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High-Speed Toolsteels 


(Continued from p. 146) 
molybdenum types, which nitride 
readily, is that long slender tools 
which have to be surface hardened 
by nitriding can be given satisfac- 
tory case depths of 0.001 to 0.005 
in. in about half the time required 
for the 18-4-1 type. Temperatures 
in the range 930 to 985° F., com- 
pared with the 1000 to 1050° F. for 
tungsten steels, can be used. These 
factors reduce thermal distortion 
during nitriding. 

The microstructures of correctly 
heat treated high speed steels of 
either tungsten or molybdenum 
base are quite similar, except that 
the straight molybdenum show a 
greater tendency toward carbide 
segregation. 

A comparison of the 9% molyb- 
denum with the 18-4-1 steel was 
carried out by a series of drill 
tests using two sizes of drills, | 
and % in. Their cutting efficiencies 
were determined by the number of 
holes that each drill would machine 
before failure. The results show 
that drills of 9% molybdenum steel 
are at least equivalent to, if not 
slightly better than, the standard 
tungsten 18-4-1 type. 

The more desirable features of 
both tungsten and molybdenum 
high speed steels were combined in 
a series of steels introduced during 
the last war. Consensus of opinion 
was that these were considerably 
superior to the straight molybde- 
num types with respect to both 
decarburization and ease of heat 
treatment. It was found that they 
could be hardened from the lower 
austenizing range (about 2210° F.) 
in open furnaces without serious 
detriment, and that they possessed 
a wider hardening range than the 
straight molybdenum steels; maxi- 
mum hardness could be obtained 
from a greater range of austenizing 
temperatures without serious grain 
growth or brittleness. However, 
they could not compare with the 
foolproof behavior of 18-4-1 types. 


Table Il — Compositions of High 
Speed Steels 
TYPE Cc Cr W Mo V 
1615 30.75 4.0 16.0 1.5 
94 0.75 4.0 9.0 4.0 
66 0.80 4.0 6.0 6.0 
64 0.80 4.0 6.0 4.0 


Chemical compositions of four 
steels in common use during the 
war years are given in Table II. 
Table LI gives the heat treatments 
which have proved satisfactory for 

(Continued on p. 150) 
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High-Speed Toolsteels 


(Continued from p. 148) 
these high speed steels; double tem- 
pering is absolutely necessary. 


Table Ill — Heat Treatment 
for W-Mo Steels 


AUSTENIZE TEMPER TIME 
TYPE oF,* a UNITs+ 


1615 2280-2320 1040 1.2 
94 2245-2280 1020 1.4 


66 2230-2265 1020 1.5 
© — ae - bean 64 2210-2245 1020 15 
poor ensue! 5 aioe * Temperatures for salt baths should 
siting be 70° higher f 
: . 7 king time units with respect to 
© Gripes! damp rps tor , heat treating a similar tool made from 
patente ye iah =~ ; 18-4-1 steel under similar conditions. 


All controls grouped con- : Performances of these drills 
veniently followed the “apparent tungsten” 
SS Oe RT : contents of the steels from which 
sam lag tenia joe they are made. It was noted that 
vorutin spend Cam. ge drills made from steels with lower 
Standardized alloy content failed by torsional 
weights fracture; those made from the 
higher alloy content steels failed 
by wearing of the drill corners. 








CAST CR-W STEELS 

The advantages of producing 
such tools as milling cutters by a 
casting process include the elimi- 
nation of costly machining opera- 
tions such as tooth milling and 
form relieving and, of equal im- 
portance, permit use of better tooth 
designs which can be produced 
“ROCKWELL” Nerdness Tester with the same ease as the standard, 
, but inferior design, straight tooth 

variety. Therefore B.S.A. Tools de- 
veloped a new casting technique 


§ Important “ROCKWELL” Features for a chromium-tungsten alloy. A 


; : typical chemical analysis of such a 
You can be sure of the hardness of incoming cast cutter is 1.25 C, 13.00 Cr, 4.00 


metals and the various parts or products you ship to W and 1.00% V. The casting tech- 
your customers if you use a WILSON “ROCK- nique produces spheroidized car- 
WELL” Hardness Tester. Only in the WILSON bides in the cutting portions of 
will you find these five important features which the tools rather than the usual 
assure accuracy and ease of operation. ; acicular form associated with cast- 


i in this ty f terial. 
There are two types of WILSON “ROCKWELL” wa“ ceggrinches cymes 


: Heat treatment of cast tools 
Hardness Testers . . . Regular and Superficial. They made from this chromium-tungsten 


come in many styles with accessories for testing flats, steel is to preheat at 1470 to 1500° 
rods, rounds, and odd shapes. For micro-indentation F., austenize at 1940 to 1975°F., 
hardness testing, there is the WILSON TUKON. | quench in oil and then double tem- 


+ 
Write for information and let us make recom- per at 860 to 900° F. 


dati Because nearly all of the experi- 
mendations. *Trade Mark Registered ence with this steel has been from 


its use in milling cutters, it has 
been very difficult to appraise its 
cutting properties due to the supe- 

WILSON rior cutters produced in this steel. 
“ROCKWELL” A form-relieved cutter like that 
ON used for producing the flutes in 

and TUK high speed twist drills did make it 
possible to compare these tools 
Testers with cutters of equivalent design 
made of 18-4-1 steel. The cast 

(Continued on p. 152) 








Mb WILSON MECHANICAL INSTRUMENT DIVISION Hardness 
AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 
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LEGEND 
AIS! limits for 4140H steel 
7 heats of $1840 Grainal-treated stee! 
CHEMICAL COMPOSITION 
c Mn Si Ni Cr Mo 8 
4140H Range 0.37-0.45 0.70-1.10 0.20-0.35 0.80-1.15 0.15-0.25 
81840 0.38-0.45 0.80-0.93 0.25-0.28 0.28-0.37 0.40-0.52 0.09-0.13 0.00070.0011 


‘hy oe aR 


1 2 4 6 8 10 12 14 20 8 32 
DISTANCE FROM QUENCHED END OF STANDARD BAR-Sixteenths of Inch 





Rockwell hardness C scale 





























The most common test for boron steels is measurement 

° of hardenability by the end quench or Jominy harden- 
Consistent ability test. Today’s steel substitutions are made on the 
basis of similar hardenability since a reasonable predic- 


Hardenability obtained eo aan — be made of the hardness and strength of a 


° The curves above show the relationship between the 
in Boron Steels hardenability of a series of seven heats of 81B40 steel 
- the eng: eye Bey for 4140H =~ — it 
often replaces. The 81B40 heats were made in one elec- 
made with tric furnace shop, and the remarkably consistent harden- 
ability shown by the curves was obtained by the use of 
Grainal alloy as the means of adding the boron. 

G Consistent hardenability means consistent strength 
and hardness after heat treatment, which is the aim of 
every fabricator. The best proof that the Grainal alloys 
insure this objective is found in the successful use of 
three million tons of Grainal-treated steels. 


VANADIUM (CORPORATION OF AMERICA 
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for Speeding 
PRODUCTION 
SCHEDULES 


If you have a Yoder slitter you can 
buy mill-width coils instead of slit 
strands. Sources of supply of mill- 
width coils are more numerous, so 
you can buy wherever you like, at 
substantially lower prices, and obrain 
quicker deliveries 


Inventory requirements, too, are 
greatly reduced, because you can, in 
a few hours, meet expected and un- 
expected demands for slit strands 
from a relatively small stock of mill- 
width coils of the proper gauges. 


This means better control, not only 
of coiled strip supply, but of pro- 
duction planning. You will find 
production schedules much easier 
to meet. 


For requirements as low as 100 tons 
per month, direct savings alone may 
be sufficient to repay your invest- 
ment in a Yoder slitter in the short 
time of one year. 

For information on the respective 
merits of different types and sizes of 
slitters and accessories, as well as on 
the economics of slitter operation, 
time studies and other data, send for 
new Yoder illustrated Slitter Book. 


THE YODER COMPANY 
5595 Walworth Avenve © Cleveland 2, Ohio 


SLITTERS 
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High-Speed Toolsteels 


(Continued from p, 150) 
chromium-tungsten types produced 
about twice as many components 
as did the cutters of similar design 
made of 18-4-1. 

The author believes that these 
cast steels will find importance in 
future tooling because they require 
only 4% tungsten to produce satis- 
factory cutting properties as com- 
pared with 18% in the standard 
steel. } eA 


Oxygen in Electric 
Furnace Steelmaking” 


A’ A RECENT steelmakers confer- 
ence organized by the British 
Iron and Steel Research Assoc., the 
status of oxygen lancing in electric 
arc furnaces was reviewed. With 
the use of oxygen, the electric fur- 
nace steelmaker can increase pro- 
duction by speeding the removal of 
carbon. He also can take the bath 
carbon to lower limits than is 
otherwise possible and conserve 
alloys. This technique has become 
routine practice in many plants in 
the United Kingdom during the 
past three or four years. The pro- 
duction of stainless steel and the 
production of carbon structural or 
mild steels present different prob- 
lems to the steelmaker using oxygen. 

Stainless Steels — Oxidation of 
carbon by iron ore from a bath con- 
taining chromium is not only slow 
but also results in excessive oxida- 
tion of chromium. When oxygen is 
used, however, the carbon removal 
is more efficient and a considerable 
proportion of the chromium that is 
unavoidably oxidized can be recov- 
ered by the addition of suitable 
alloys. Oxygen permits using up to 
100% stainless scrap in the charge. 

Experience has indicated that the 
rate of reaction is of importance in 
obtaining a low carbon content in 
the bath, and that it is necessary to 
start at a relatively high carbon 
level and continue the blow until 
the carbon has been removed. It 
appears that the reaction must be 
given an impetus which must be 
maintained until the process is com- 
plete. Mr. J. Nicol of the Clyde 
Alloy Steel Co. Ltd. stated that it 
was advisable to melt down to not 
lower than 0.30% carbon. At this 
value the carbon-oxygen reaction 
started easily, while at a lower fig- 

(Continued on p. 154) 

* Abstract of “Oxygen Lancing in 
Electric Arc Steelmaking Furnaces”, 
The Engineer, Oct. 5, 1951, p. 426-428. 





CARBON 
and SULFUR 
ANALYSIS 


TWO MINUTE CARBON 
DETERMINATOR 


High degree of 
eccuracy assured by 
fan cooling gases 
leveling to meniscus 
line, avtomatically 
Oe a a ea 
pheric pressure, wide 
Pa ee 
percentage scales 
Accurate within 
0.002% on low range 
Burette 


THREE MINUTE 
SULFUR 


Determination in ac- 
cordance with A.S.T.M. 
specification accuracy 
within 0.002% inorganic 
or organic materials. 
Simple procedure. 


TEMPERATURE 
FURNACE 


Sturdy construction 
with HIGHEST 
ate insula- 


Use 3031D Boats and Zircotubes to 
reduce operating cost of analysis. 


Use Dietert-Detroit Carbon and Sulfur 
Determinators for Economical Analyses 


Write to Dept. C-4 for descriptive literature 


CONTROL EQUIPMENT 


POIETERE 


9330 ROSELAWN « DETROIT 4, MICH. 





METAL FINISHING 


RESEARCH 
PRODUCTS 


FOR 


STRIP ANODIC COATINGS 
ON ALUMINUM AT ROOM 
TEMPERATURE 


ENTHONE COMPOUND 89 is an alkaline 
material that strips anodic coatings on alu- 
minum at room temperature. Simply immerse 
anodizing racks or defective work in cold 
solution of Compound 89 for 15 seconds to 
strip oxide coatings. No chromates present to 
contaminate anodizing solution. Can be put 


in steel tank or crock. 


PHOSPHATE AND CLEAN IN ONE 
OPERATION 


ENTHONE COMPOUND 39 is a new prod- 
uct for rapid cleaning and phosphating. Ad- 
herent phosphate coatings are formed in from 
15 seconds to 1 minute through a wide tem- 
perature range. Cuts cost, rejects and labor 
for preparing steel and zinc for painting or 


enameling. A simple test will prove to you 


that phosphating of oily work can be done 
in one tank. Material cost of phosphating is 


less than ‘¢ per square foot. 


APPLY CHROMATE COATINGS 
TO ZINC AND CADMIUM AT 
LOW COST 

“ENTHOX” CHROMATING PROCESS is a 
new simple procedure for chromate coating 
of zinc and cadmium. Use only 1 oz./gal. of 


material and chromate troublefree even in 


fully automatic cycles. Solution costs 4¢ per 


gallon to make. Coatings can be dyed vari- 
ous shades of color including black and red. 
Meets U. S. Army Specifications 57-0-2C and 
51-70-1A. 


Write for bulletins on these processes and a check list 
of literature on sixty products for modern metal finishing. 


PROCESSES 


-ENTHONE 


CHEMICALS 


442 ELM STREET 
NEW HAVEN, CONNECTICUT 
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SIDE STORY ON 
STAINLESS STEEL 


| 

Shown belaw is a multiple-copy graphic record of a typical 
stainless steel chemical analysis made on an ARL Production 
Control Quantometer.* Accurate percentages of elements pres- 
ent in the alloy are recorded permanently in pen-and-ink in less 
than two minutes! And steel is only one of many metals and 
inorganic compounds which the unique ARL Quantometers are 
controlling daily as to routine chemical analysis in many types 
of industriés. 
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ODUCTION CONTROL QUANTOMETER’* 


..@ multi-purpose, direct-reading instrument analyzing 


metals and other inorganic materials 


The ARL Quantometer is extremely efficient, versatile and ap- 
plicable to a wide variety of needs. Individual units are not 
limited to a single type of analysis, but can be designed to meet 
the requirements of many plant problems. As many as 25 ele- 
ments as selected by the user can be accurately measured on the 
Production Control Quantometer—up to 20 simultaneously! 


This instrument, pioneered and perfected by ARL engineers, is 
invaluable in helping to speed the production of critical mate- 
rials and improving laboratory controls. It is the most advanced 
type of spectrometer yet developed and deserves your most 
serious consideration. Write for descriptive brochure. 


THE ARL LINE ALSO INCLUDES 1.5 AND 2-METER SPECTROGRAPHS, PRECI- 
SION SOURCE UNITS, RAMAN SPECTROGRAPHS AND RELATED ACCESSORIES. 


Trademark* 


Applied Research Laboratories 


SPECTROCHEMICAL eQuirpment 
3717 PARK PLACE «+ GLENDALE 8, CALIFORNIA 
NEW YORK © PITTSBURGH © DETROIT © CHICAGO © LOS ANGELES 
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Oxygen in Electric 
Furnace Steelmaking 


(Continued from p. 152) 
ure, say 0.15%, more difficulty was 
found in starting the reaction and 
keeping it going. 

Also, a high rate of oxygen input 
appears to be essential for effective 
operation. Clyde Alloy Steel Co., 
for example, uses a rate of 80 to 
100 cu.ft. per hr. per ton of metal. 
Usual procedure is followed at this 
concern and oxygen injection is 
started after melt and the first slag 
has been partially removed. At the 
English Steel Corp., Ltd., oxygen 
injection is started before the charge 
is fully melted around the furnace 
banks; this is thought to provide 
extra protection for the furnace roof 
and banks. 

When the carbon has been brought 
down to the desired level, chro- 
mium is reduced from the slag 
back into the metal. During the last 
18 months or so, there has been 
increased use of the practice to re- 
duce the slag with a ternary alloy 
of iron, silicon and chromium, there- 
by favoring an alloy in which chro- 
mium is available more cheaply than 
in the low-carbon ferrochromium. 

As to future possibilities on the 
use of oxygen in the production of 
stainless steel, the following points 
were discussed: 

1. As stocks of stainless scrap 
are used up, the oxygen process may 
have to be used in other ways to 
reduce the cost of producing stain- 
less steel. 

2. Twelve per cent chromium 
alloy has been produced with a 
charge of low-carbon steel scrap 
and a mixture of low- and high- 
carbon ferrochromium to give a 
melt carbon of 0.5 to 0.6%. 

3. At temperatures of 3360° F. 
attained by oxygen lancing, the 
process of direct reduction of chro- 
mium ore would have a chance of 
success. At least there would be a 
prospect for developing a process 
whereby some of the chromium 
could be obtained from a mixture 
of chromium ore and ferrosilicon. 

4. Control of bath temperature 
during oxygen lancing of stainless 
charges in order to conserve furnace 
refractories. It might be possible, 
for example, to devise a method of 
charging scrap while oxygen is be- 
ing used. 

Other Steels — With special low- 
carbon, mild and structural steels 
the rate at which the reaction takes 
place is again found to be a major 

(Continued on p. 156) 











How many SPARKS 


in a Spark Plug ? 


Surprising, the confidence that people have 
in spark plugs. No one stops to question how 
many “sparks” they’re good for, because long- 
life performance has come to be taken for 
granted. Yet, when you get right down to it, 
you'll find good reasons for this complete con- 
sumer confidence. And, from a “sparking” point 
of view, perhaps the most important is the al- 
most universal use of special Hoskins alloys for 
the vital electrode wires. 


Producing the wire that sparks your car to power 
is a tough and tricky business. It requires special 
care in the selection of raw materials. Special 
melting and production techniques. Plus ex- 
tremely close control over alloy composition and 
uniformity of quality throughout the entire man- 
ufacturing process. 


Yet that’s exactly the kind of alloy that Hoskins 


tured by Hoskins are: Alloy 717—for facing engine 
valves; Alloy 785—for brazing belts; Alloy 502 
—for countless heat resistant mechanical applica- 
tions. Then, too, there are the Chromel-Alumel 
thermocouple alloys . . . guaranteed to register 
true temperature-EMF values within specified 
close limits. And, of course, Hoskins CHROMEL 

. . the original nickel-chromium resistance alloy 
used as heating elements and cold resistors in 
countless different products. 


Chromel-Alume!l therme- 
couple alloys eccurately 


tares of it aircraft engines. 


is qualified to produce best. For, among the other 
quality-controlled alloys developed and manufac- 
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3301 MARKET ST. WILMINGTON 99, DELAWARE 





* * * STRAIGHT FACTS on Controlled 
Atmosphere are included in DELAWARE 
BULLETIN F-1. 
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—die cast—permanent mold or sand cast, specify 
When You , noyns 


S-G Aluminum Alloys. Every step in their pro- 

° duction is checked constantly by skilled labora- 
Think of tory men using the most modern equipment 
available. Our facilities are available to help 

you solve your specific problems. Trouble-free 

production of quality castings doesn’t just hap- 

pen. The skill and know-how of diecaster or 

foundry is of prime importance. But the most 

skilled craftsmen must have the right type ingot. 
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(Continued from p. 154) 
factor. The practice at Edgar Allen 
and Co. Ltd. for the production of 
mild steels under 0.2% carbon is as 
follows: 

The charge is melted and if 
necessary carburized to 0.3 to 0.4% 
carbon. The bath temperature is 
raised to 2910° F. and the slag re- 
moved. A lime-rich slag is then 
formed to facilitate dephosphoriza- 
tion during blowing. The electrodes 
are raised and blowing started. With 
a line pressure of 150 to 170 psi. 
oxygen is injected into the bath at 
the rate of 80 to 85 cu.ft. per min. 
per ton. At the end of the blow the 
bath temperature is between 3020 
and 3910°F. The oxidizing slag is 
removed and the bath deoxidized 
with ferrosilicon and aluminum. A 
thin covering of limestone is added 
to the bath, degasification tests are 
made and the heat tapped. Tem- 
perature of the bath before tapping 
falls to 2950 to 2985° F. 

The method of using oxygen 
lancing in the production of struc- 
tural steels is substantially the same 
as used in making mild steels. 

Discussion — The main comments 
in the discussion dealt with previous 
work and problems encountered in 
the direct reduction of chromium 
ore; the desirability in oxygen lanc- 
ing of aiming at an optimum tem- 
perature rather than at a high tem- 
perature; the need for development 
work on the measurement of very 
high bath temperatures; and the ex- 
perience on oxygen lancing of high 
alloyed steels for gas turbines at 
William Jessop and Sons, Ltd. Here 
they had found that there was no 
loss in cobalt, nickel and molybde- 
num, a 5% loss in chromium and a 
28% loss in niobium, even when 
considerable amounts of niobium 
were recovered from the slag by use 
of ferrosilicon. : 

D. J. Gurarpi 


Effect of Phosphorus 
on Magnesium Alloys* 


, ae IMPORTANCE of the adverse 
effects of iron and nickel on the 
corrosion resistance of magnesium 
and its alloys is well known. Tol- 
(Continued on p. 158) 

* Abstract of “The Effect of Phos- 
poms on the Corrosion Resistance of 
lagnesium and Some of Its Alloys”, 
by E. F. Emley, A. C. Jessup and 


W. F. Higgins, Journal, ae of 
Metals, Vol. 80, 1950-51, 3-32. 





One welder. One helper. The Aircomatic 
Welding Process .. . and Universal Copper 
Works, Inc. Newark, N. J. fabricates a 
50,000 gallon aluminum industrial acid 
tank for A. Gross & Company at a sav- 
ings of 75% in filler rod and 50% in time 
over previous methods used. 


AIRCOMATIC’ WELDING 


S 


“Hungry Acid” Tanks 


Experts long knew aluminum was the 
answer for ‘hungry acid’ storage tanks 

+. acetic, fatty acids, for example. 
Only a few years ago fabrication of 
these ideal tanks was a sizable problem. 


Today that’s all changed. Air Reduc- 
tion’s Aircomatic Welding Process has 
so simplified tank-building operations, 
that in-the-field construction has be- 
come routine practice. 


Based on continuous feeding of bare 
filler wire in conjunction with inert 
shielding gases, the Aircomatic Process 
now presents the welder with these fab- 
rication advantages: 


1 Continuous, high-rate deposition of 
filler metal 

2 Semi-autcmatic, all-position welding 

3 Minimum plate-edge preparation 

4 Heavy section welding with little or 
no preheat 

5 No flux — elimination of slag removal 

6 Visible arc — no blind welding 

Find out how you can use Aircomatic 

welding. Write or phone your nearest 

Airco office. Ask for your copy of Cata- 

log 17 “The Aircomatic Process”. Also, 

inquire about Airco’s film “The Tool 

for the Job” — the 

story of Aircomatic 

in full color. 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


Airco) AIR REDUCTION 
————) 


® AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY + AIR REDUCTION PACIFIC COMPARY 


DEALERS 
AND OFFICES IN 
PRINCIPAL CITIES 


REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


DIVISIONS OF AIR REDUCTION COMPANY, INCORPORATED 


MAY 1952; PAGE 157 








Accurate! 
Easy! 


This compact machine tests spotwelds, 


strip, wire, anything within its 20,000 
lb. capacity. Hydraulically powered, 


it has an easily controlled ram, self- 
acting specimen grips that are open 
sided for easy specimen insertion. 
This tester, Model ST-1, is ad- 
justable to take specimens 5” to 

9” in length. Various load 
gauges, grips, and other modifi- 
cations are available. 


Write for more information - 
give us your requirements. 


DETROIT TESTING MACHINE COMPANY 


9390 Grinnell Ave., Detroit 13, Mich. 





CARL-MAYER 
Portale: OVENS, FURNACES 


IN PLANT OF LARGE MANUFACTURER OF 
AUTOMOTIVE AND AIRCRAFT PARTS 


CARL-MAYER OVENS AND 
FURNACES ARE ENGINEERED 
TO SOLVE HEAT TREATING 
PROBLEMS. Designs have origi- 
nated here for every type of heat 
treating ovens and furnaces — 
from the furnace shown here for 
the aging of aluminum castings 
to high-temperature completely 
automatic furnaces to conserve 
valuable man-hours. Tempera- 
tures up to 2,000 deg. F., using 
gas, oil and other fuels. 


Be sure to consult Carl-Mayer — on 


your very next heat treating problem 


oe CARL- MAYER Cr2pectatiar 


etek tok a 'lel Sie w:\') au 
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Effect of Phosphorus 
on Magnesium Alloys 


(Continued from p. 156) 
erance limits for these impurities 
exist and the manner in which 
these limits may be modified by 
the presence of aluminum, zine and 
manganese is also known. Thus, it 
is reasonable to expect that to pre- 
pare magnesium and its alloys in 
the state of highest corrosion re- 
sistance, it should be necessary only 
to reduce the iron and nickel con- 
tents below about 0.002 and 0.0005% 
respectively, and to add sufficient 
manganese. When a number of 
these high-purity alloys are pre- 
pared, corrosion rates have been 
found to differ by as much as a 
fraction of 100. Furthermore, no 
correlation can be found between 
the various corrosion rates and the 
concentration of any of the metallic 
impurities present. However, some 
evidence indicates that phosphorus 
may be a factor because alloys low 
in this element usually have low 
corrosion rates. 

Phosphorus was introduced into 
high-purity molten magnesium as 
calcium phosphate. When graphite 
crucibles and tools are used, the 
maximum amount of phosphorus 
that can be introduced at normal 
operating temperatures is about 
0.09%. Using iron crucibles, phos- 
phorus contents up to 0.4% can be 
achieved with a resulting iron pick- 
up. A relationship was found be- 
tween the minimum iron content 
and the phosphorus content above 
0.09%. This indicates some asso- 
ciation of iron and phosphorus in 
the molten alloy, and is further con- 
firmed by the observation that in 
the presence of much phosphorus 
removal of iron by the addition of 
manganese is incomplete. Below 
0.09% the phosphorus is believed 
to be in the dissolved state. 

Phosphorus can be removed from 
the dissolved state by the introduc- 
tion of zirconium or certain rare 
earth metals. For example, zirco- 
nium causes a precipitation of any 
phosphorus present in the form of 
insoluble zirconium-phosphorus par- 
ticles. By this means final phos- 
phorus contents as low as 0.002% 
are possible. When it is desired to 
remove phosphorus without leaving 
residual zirconium dissolved in the 
metal, dephosphorization may be 
accomplished by adding a small 
percentage of a zirconium-aluminum 
master alloy. This is itself insoluble 
in magnesium and forms particles 
on which the phosphorus precipi- 
tates, (Continued on p. 160) 





The steel shell of a mechanic’s socket wrench has a tough job. 
The wall must be thin to slip over nuts in tight spots, the wrench 
must be strong and tough to keep its grip on the nut once the 
wrenching starts. The wrenches made by Herbrand have a reputa- 
tion among mechanics for getting into close quarters and doing 
the job without slipping or giving. 

Here’s how Herbrand metallurgists and designers used Republic 
Steel 3-Dimension Metallurgical Service to pick the best 
Republic Alloy Steel to do the job... 


Improvements in machinability on high-speed automatic 
machines were important . . . better hardenability of the finished 
wrench sockets was required . . . and production costs had to 
be kept down. 


Herbrand metallurgists called in the Republic Field Metallurgist. 
Told him their problem. He went into a huddle with the other 
two members of the Republic 3-Dimension Metallurgical team 
... the Mill Metallurgist and the Laboratory Metallurgist. 


The answer was soon ready . . . the recommendation of a certain 
one of the many grades of Republic Alloy Steels that would give 
Herbrand the desired machining and heat-treating characteristics, 
every time, lot-after-lot, at the necessary low cost. 


You, too, can achieve quality improvements like this in your 
products .. . a call will bring the Republic Field Metallurgist 
into your picture. 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division + Massillon, Ohio 
.combines the exten- GENERAL OFFICES . CLEVELAND 1, OHIO 
pee oa Te ~" Export Department: Chrysler Building, New York 17, N.Y. 
Mil 


ye lurgists with the know!- 

edge and skills of your 
own engineers. It has 
helped guide users of 


il Steel: 
3-DIMENSION filter Senge to soune- 


* : steel and its most 
Metallurgical Service | Cticienr usage tr CAN 
DO THE SAME FOR YOU. 
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HEAT TREATING 


1000 pounds of Bolts every hour 


. at Commercial Steel Treating Corp., Detroit 


Production heat treating of bolts—1000 pounds each hour—at 


Commercial Steel Treating Corp., Detroit, is accomplished 


in this Holcroft furnace which clean hardens, case hardens 


or restores carbon A, 


Bolts 


are loaded into a vibrator and carried through the furnace 


\ll operation, except for loading 1s fully automatic 


on an endless belt conveyor. The stock is carried from the 


quench, across to the washer and tempering furnace, 


returning to a position near the loading vibrator. Furnace 


atmosphere 1s provided by a Holcroft endothermic gas 


Ke 


generator 


Gas-hred radiant tubes—easily without 


re placeabl 


furnace shut down — heats the 





SJ 
This is just another example of 
Holcroft’s heat treat leadership 
We can supply you, too, with a 
high-capacity, low-cost furnace 
designed with your production 
in mind. Write today. 


hardening furnace. Also in- 
cluded in the arrangement ts a 
Holcroft direct-fred, recirculat- 
ing type conveyor turnace for 


tempering as high is 1200 deg | 











comean PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


iv « 
—— oe 
6545 EPWORTH BivD. DETROIT 10, MICHIGAN 


Orraor mice 
CLEVELAND {5 HOUSTON | 
Wallace F. Schott E. McArdle 


CANADA E 
R Walker Metal Products, Ltd 8.0 
1900 Euclid Ave 5724 Navigation Bivd 


“.m@ Mle We ihard im 
. Saoe Seats Western bive. Windsor, Ontaric Paris 8, France 


METAL PROGRESS; PAGE 160 





Effect of Phosphorus 
on Magnesium Alloys 


(Continued from p. 158) 

Corrosion studies were made on 
high-purity magnesium containing 
various amounts of phosphorus pre- 
pared as follows: 

Series A — Magnesium with 
low iron and varying manga- 
nese content. 

Series B — Magnesium with 
at least 0.01% iron and 0.2% 
manganese. 

Series C—High-purity 
Electron A8 (8 Al, 0.4 Zn, 0.25% 
Mn, remainder Mg). 

Series D — Remelts of high- 
purity A8& (prepared in steel 
crucibles) with phosphorus 
added as a_ hardener 
made in steel crucibles. 


alloy 


Turned cylindrical specimens 
were corroded 28 days in a 3% 
sodium chloride solution saturated 
with magnesium hydroxide, after 
which the corrosion rates were de- 
termined for the specimens. 

From the corrosion results for 
Series A melts the following tenta- 
tive conclusions were drawn: 

(a) Phosphorus has an adverse 
effect:on the corrosion resistance of 
pure magnesium. 

(b) The “tolerance limit” for 
phosphorus is about 0.002%. 

(c) The addition of manganese 
suppresses the effect of phosphorus. 

The Series B results further in- 
dicate that when the iron content is 
“normal”, phosphorus exerts an ad- 
verse effect even with %° manga- 
nese present. 

In Series C the phosphorus con- 
tent was varied over the range of 
0.001 to 0.12%. Aluminum varied 
from 4.3 to 9.0%, zine from 0.3 to 
0.7% and manganese from 0.33 to 
0.48%. Corrosion results show a 
broad correlation with phosphorus 
content, but none with any of the 
other constituents over the compo- 
sition range covered. Since the low 
phosphorus contents were produced 
both by treatment of the melt with 
zirconium-aluminum alloy and with 
misch metal, it is also concluded 
that neither process affects the cor- 
rosion rate appreciably. 

Corrosion rates for Series D 
alloys also show a broad correlation 
with phosphorus content but are 
much higher than those for Series C 
for approximately the same compo- 
sition. The most plausible explana- 
tion of this seems to be that the 
phosphorus may be present as a 
phosphorus-iron complex which in- 
tensifies corrosion. Further work 
on this is in progress. 

(Continued on p. 162) 








Use “dag” 
Colloidal Graphite 
to Keep Work Lubricated 
... Protect Metal 


“Dag” colloidal graphite dispersions protect 
against heat... fatigue failures... heavy loads... 
in short, protect against all the causes of wear. At 
virtually all temperatures experienced in hot-metal 

work “dag” colloidal graphite overcomes friction and 


keeps parts lubricated for action 


In stamping, deep piercing, casting, forging, stretch 
forming and wire-drawing operations, “dag” dispersions assure 
a smooth product and reduce die wear... insure smooth surfaces 
and clean parting... minimize scaling and sticking... reduce tear 


ing and rippling... assure uniform dimensions. 


When “dag” colloidal graphite is applied to the friction surfaces of metal 


it leaves a graphoid film so thin that even the most sensitive gages cannot 


detect it. This film provides the metal with a surface that has an extremely 
low coefficient of friction, that resists oxidation, that functions far 


above the burning-point of conventional lubricants 


An interesting brochure on “dag” Colloidal Graphite for all Metal 
working Operations is yours for the asking. Write today fo1 
Bulietin No. 426-10E 


| ag Acheson Colloids Company 
| DISPERSIONS D | Port Huron, Mich. 


also ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 


Units of Acheson industries, inc 








In the shop 


— 4 
= 
3 


Ui 


an 


ill 


a new kind 
of lubricant 


Moly-sulfide is a tenacious solid- 
film lubricant with remarkable 
properties under extretne pres- 
sure, high velocity and fretting 
conditions. Many new uses for 
Moly-sulfide are being found ev- 
ery day in the shop and the field. 


We have compiled 154 case- 
histories of successful applications 
of molybdenum sulfide to solve a 
wide range of industrial and tech- 
nical problems; these are pub- 
lished in a form most useful to 
those who want practical infor- 
mation on what has already been 
accomplished by this new kind 
of lubricant. 


Send for your free copy of 

Moly-sulfide: In The Shop—In 
The Field, a 40-page booklet of 
up-to-date information. 


Moly-sulfide 


A LITTLE DOES A LOT 


Climax Molybdenum Company 
500 Fifth Avenue 
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Effect of Phosphorus 
on Magnesium Alloys 


(Continued from p. 160) 

The effect of phosphorus on iron 
pick-up in the remelting of A8 alloy 
in mild steel crucibles was also in- 
vestigated. It was determined that 
not only did the presence of phos- 
phorus increase the iron pick-up, 
but it also limited the useful life 
of the “seasoned” layer on the 
crucible walls. Further work on 
the low-phosphorus high-purity al- 
loy has shown that if the melt 
which must be low in phosphorus 
is merely raised to 1380° F. (rather 
than to a higher temperature), 
stirred for 1 min., and poured after 
standing about 5 min., the iron con- 
tent usually decreases. 

It is concluded that phosphorus, 
as well as iron and nickel, affects 
the corrosion rate of magnesium in 
trace amounts; however, corrosion 
rate changes are more gradual than 
with iron and nickel. The adverse 
effect of phosphorus shows some 
analogies with that of the nickel: 

1. The most pronounced change 
in corrosion rate occurs with mag- 
nesium alone. 

2. The adverse effect is sup- 
pressed with manganese 

3. The adverse effect is not sup- 
pressed by manganese when alumi 


num is present. G. F. Norpsiom 


Creep in Copper* 


(gree WINDINGS of some large 
turbo-alternators are subject to 
longitudinal compressive stresses 
because of the higher coefficient of 
expansion of the copper relative to 
the steel rotor, and these stresses 
may give rise to creep deformation. 
Therefore, the resistance to creep of 
a number of high-conductivity cop- 
pers has been investigated in the 
temperature range 265 to 435° F. In 
cold worked coppers, resistance to 
creep may be reduced by softening 
that occurs at the operating temper 
ature. In consequence, the softening 
characteristics of high-conductivity 
coppers have been determined over 
the same temperature range. 

Creep tests at 265 to 435° F. and 
of durations up to 10,000 hr. have 
shown that the addition of silver to 
cold worked tough pitch copper 

(Continued on p. 16%) 

* Abstract of “The Creep and Sof- 
tening Properties of Copper for Alter- 
nator Rotor Windings”, by N. D. Ben- 
son, J. McKeown and D. N. Mends, 
Journal, Institute of Metals, Vol. 80, 
November 1951, p. 131-142. 





» Available 


8 for the first time.+- 
© 4 Full-Color 
Sound Film 


SrEEL 

WITH A 
THOUSAND 
QUALITIES 


Scientific schools and groups of 
designers,engineers, metallurgists 
and technical societies can nou 
secure the free use of this full- 
color sound film, the first pro- 
duced in the steel foundry 
industry. Available in 16 mm 
prints, the film is a 37-minute 
tour of the modern plant of 
Lebanon Steel Foundry. The 
camera follows jobs from the 
blueprints on the project engi- 
neers desk through steps of 
production to show, finally, a 
few of the many important uses 
of Lebanon quality Steel Cast- 
ings. Write for information on 
this exciting and educational film. 


LEBANON STEEL FOUNDRY 
Dept. H, Lebanon, Pa. 
. In the Lebanon Valley 


slLEBANON 


ALLOY AND STEEL 


castings 
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Heres why 
a 
it pays to know your 


HONEYWELL SUPPLIES MAN 


fe Every instrument man will find 


» / 
‘ * = | these catalogs invaluable 
7” packed with facts on thermocou 
. ples, wells, tubes, thermocouple 
and extension wire, and prices 
Send for your copies today 


W. J. Krrsy, Honeywell Supplies Man in the Los convenience and economy to your pyrometer 
Angeles area, helps Mr. F. P. Edmonds of Lever supplies purchasing. 

Bros. Co. to select the correct precision-made Your local Honeywell Supplies Man will be glad 
thermocouple well from the wide selection covered to show you how planned buying . . . the HSM way 
in the Honeywell catalog —as part of the thorough, . .can help you lick your supplies problems. Call 
individualized service provided by the HSM plan. him today . . . he is as near as your phone. 
Complete application and pricing information on MINNEAPOLIS-HONEYWELL REGULATOR Co., n- 
all products, personal cooperation in establishing dustrial Division, 4503 Wayne Ave., Phila. 44, Pa. 
your own plant’s requirements . . . these are but Stocking points in Phila., Cleveland, Chicago, 
two of the ways that this plan can bring new Atlanta, Houston, Los Angeles, and San Francisco. 


Honeywell 
© Important Reference Data Tout wn Conttiols ‘| 


Write for Catalog 200-2 on Thermocouple Wells . . . and for new Pyrometer Supplies Buyers’ Guide No. 100-4 
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“STRAIGHT-LINE” 
TEMPERATURE CONTROL 


with 


XAC]LINE 


ELIMINATE 

Overshooting 

Undershooting 

Are you going to continue to 

put up with that troublesome overshoot- 

ing and undershooting inherent in your 

conventional pyrometer control —espe- 

cially when it is so easy to eliminate that 
saw-tooth effect? 

Put XACTLINE in the control circuit. 
XACTLINE anticipates the temperature 
changes—before they occur. And too, it 
nullifies the varying amounts of thermal 
lag, residual heat, and mechanical lag— 
producing a short on-off cycle resulting 
in “Straight-Line’’ temperature control. 
This performance is possible because 
there is no dependence upon mechanical 
parts—XACTLINE operates electrically. 

NAAT mr 














: Li 
Exact reproduction of temperature chart for a heat 
ing process showing the comparison of the “Straight 
line’ temperature control produced by XACTLINE 
and the saw-tooth curve obtained with only conven- 
tional control 


XACTLINE is applicable to any indicat- 
ing or recording pyrometer control of 
the millivoltmeter or potentiometer type. 
It should be used wherever close tem- 
perature control is required—any type of 
electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No ad- 
justment or coordination with the control 
instrument is required regardless of the 
size of the furnace, length of the heat- 
ing cycle, or size of the load. Installa- 
tion is very simple—can be either flush 
or surface mounted. 

price $89.50 F.0.8. CHICAGO 

Nothing else to Buy 


CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls + Metollurgical Testing Machines 
Dept. 15 + 3000 South Wallace St., Chicago 16, Il. 
Dept. 15 + 2035 Hamilton Ave., Cleveland 14, Ohio 
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Creep in Copper 


(Continued from p. 162) 
greatly inereases its resistance to 
creep. The creep resistance of all 
coppers examined increased greatly 
with the cold work up to 10% re- 
duction and thereafter was little af- 
fected. In silver-bearing tough pitch 
copper, 10% cold work is sufficient 
to produce the optimum combina- 
tion of creep resistance and resist- 
ance to softening over the same 
temperature range. Cold worked 
O.F.H.C. (oxygen-free, high-conduc- 
tivity) copper containing silver has 
softening and creep characteristics 
closely similar to those of cold 
worked tough pitch copper contain- 
ing silver. If both are free from 
silver, and in the absence of stress, 
the resistance to softening of cold 
worked O.F.H.C. copper is much 
greater than that of cold worked 
tough pitch copper. If 0.08% silver 
is added to these two coppers, they 
develop an equal amount of resist- 
ance to softening and this resistance 
is higher than that of either of the 
silver-free materials. 

In comparative creep tests at 265 
to 435° F. on cold worked silver- 
free materials, the creep resistance 
of O.F.H.C. copper was much greater 
than that of tough pitch copper. 
Presumably this is due in part to 
the increased resistance to soften- 
ing of the former and in part to its 
inherently greater resistance to 
creep deformation. Creep tests on 
rolled and drawn silver-bearing 
tough pitch copper showed no effect 
of the method of production or of 
the thickness of the material. 

When recrystallization did not 
occur during a creep test, the frac- 
tures obtained were markedly inter- 
crystalline, with intercrystalline 
cracking throughout the parallel 
length. Such fractures occurred at 
small extensions of the order of 2 
to 3%. When recrystallization did 
occur during a test, considerably 
larger extensions were obtained, and 
in these, although the ultimate frac- 
ture was particularly intercrystal- 
line, relatively few intercrystalline 
cracks were observed in the regions 
of the specimen away from the 
fracture. 

An investigation of creep recov- 
ery in cold worked silver-free and 
silver-bearing tough pitch coppers 
at these temperatures indicated that 
creep recovery is greater in the 
silver-free than in the silver-bearing 
copper, as would be expected from 
the greater creep resistance shown 
by the latter. 

On reloading a specimen in 

(Continued on p. 166) 








HARDNESS TESTER 


Beller Engineered 
for Better 
“Rockwell” Testing 


Model C-8A 


For your ‘Rockwell’ test- 
ing, you wont an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
and see for yourself how 
much more it has to offer. 


INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 








5 TO 50 KV 
INSPECTION UNIT 


X-RAY DIFFRACTION UNIT 150 KV MOBILE X-RAY UNIT X-RAY UNIT 


22,000,000 VOLT 
ALLIS-CHALMERS 
BETATRON 


RAYPROOF X-R 
INSPECTION CABINET 


DARKROOM 
EQUIPMENT 


X-RAY FIL 
CASSETTES. “exposure HOLDERS 


CHEMICALS, 
ACCESSORIES, 


as To 


SUNDRIES LAYOUT PLANNING 


Picker specializes in x-ray, and x-ray onl 
ever you need, we've got... from a simp 
To serve you, there are sales offices and 

by skilled engineers prepared to cope w 
understanding. If you are now using x-r4 
you can depend on Picker for objective 


PICKER X-RAY CORPORATION 


, covering the field like a blanket. W hat- 
le lead letter to a 22,000,000 volt betatron. 
rvice depots in all principal cities, staffed 
th any x-ray problem promptly and with 
ly, or are wondering whether you should, 
technical counsel and efficient handling. 


25 S. Broadway, White Plains, N.Y. 


SERVICE 


do wit 


SALES OFFICES AND SERVICE DEPOTS IN {PRINCIPAL CITIES OF U.S.A. AND CANADA 
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H are suitable but the aspherical-type 
Creep in Copper me ae 
MERRILL 


surfaces needed are very difficult to 
MATERIALS HANDLING (Continaed from p. 164) produce accurately; spherical mir- 
which creep recovery has occurred, rors with correcting lenses are pos- 
DEVICES creep is more rapid until the strain sible but to obtain a numerical 
reaches about the value before un- aperture of 0.9 seems much too 
loading. Thereafter, it creeps at the difficult. Catadioptric systems give 
same rate as before unloading. It only slight improvement over the 
follows that any creep recovery oc- generally used refractory type of 
curring in a turbo-alternator rotor objectives, and unit or low magnifi- 
winding during the shut-down pe- cation systems are difficult to con- 
riod does not materially reduce cop- struct because carefully designed 
per shortening. Tess Beane illuminating devices are needed for 
the examination of opaque objects 

under bright field illumination. 
Microscope for High-Tem- The bispherical monocentric re- 
LIFTING CLAMP ci t M t il h - fecting objective is a modification 
eeeeoevoeoe Q@eeveveeee@ pera ure eta ograp y of the Schwarzschild system in that 
Z P it contains two spherical mirrors 
l SE OF STANDARD refractory objec- in place of the aspherical mirror 
tives for the metallographic ex- and is the better type to use. This 
amination of metals and alloys at objective permits a considerable 
elevated temperatures is limited increase in working distance (19.8 
because of the small working dis- mm. compared with 1.5 mm. for a 
tance required when a high numer- standard objective of 0.5 N.A.), 
ical aperture (0.5) is desired. Re- with a minimum of optical surfaces 
flecting-type objectives are deemed and is simple in design and manu- 
necessary. Various reflecting opti- facture. For most metallurgical 


cal systems are discussed, such as: work a small obstruction ratio is 
- The Schwarzschild systems which preferred, a large obstruction ratio 
: * Abstract of “A Simple Reflecting affecting the image quality by a 
Microscope for High-Temperature loss in contrast. This system has a 
Metallography”, by D. W. Dewhirst 44.7°% linear obstruction. 
and M. J. Olney, Journal, British on : 


Seem. anil Giedl Eeattiete Vel, 360 rhe construction of the instru 
December 1951, p. 221-228. (Continued on p. 168) 
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PUT THIS UNIQUE 


a | : pe 
sje a - INTO YOUR PRODUCTION LINE! 


e It’s fast... faster thon all other conventional 
DRUM TILTER cleaning machines. It’s thorough... cleaning 
eeeeoeeee “ eeeeoeeee ony parts better than any other unit. It’s labor 


saving ... one man operates it. 
4 SIZES 


~& : TOL Le 


The Magnus Aja-Lif Cleaning Machine is pow- 
: ered by compressed air. You get a mechanical 
DRAG CLAMP 4 “shearing” effect on “dirt” as well as 


eeeeveeeeG@eovesese 4 thoroughly agitated chemical cleaning that is 
e ; excellent for cleaning chip-laden work. 


NOTE THESE ADVANTAGES 


¥ Eliminates overhead con- ye Saves labor. Loads and 
A production cleaning and procesiing set veyors and hoists. unloads at top of ma- 
up consisting of a series of Magnus machines i One lever lowers agi chine. 
totes, raises batch. *%& Uses LOW COST... 
¥& Low first cost... low AVAILABLE Cleaners. 


WRITE FOR upkeep. He Gives “on-the-spot” 
BULLETIN 7ZO3AL | * "i: 277 production line cleaning for any deport- 


.. saves floor space. ment. 




















MAGNUS CHEMICAL CO. * 96 South Ave., Garwood, N. J. 
In Canado—Magnus Chemicals, Ltd., Montreal. 
Service representatives in principal cities. 


a 


MERRILL BROTHERS 
56-31 ARNOLD AVENUE 
MASPETH, N. Y. 





CLEANERS «+ EQUIPMENT «+ METHODS 


METAL PROGRESS; PAGE 166 





* * * * * 


Wado 


WHEN YOU BUY 
FORGINGS? 


SERVICE ? 


We offer you friendly cooperation—a desire to serve you by 
placing all our facilities at your disposal. 


QUALITY ? 
We assure superior metallurgical and physical quality by mak 
ing all of our forgings from Basic Electric Furnace Stee}. 


IMAGINATION ? 
We tackle jobs turned down by others—to help you solve your 
metallurgical and machining problems. 


EXPERIENCE ? 


Thirty-five years producing top quality forgings result in in 
valuable experience—yours, when you buy National Forgings 


RESPONSIBILITY ? 


We offer you one responsibility in all the steps of producing 
your forgings—Steel Making... Forging... Heat Treating... 
and Machining Satisfaction. 


SEND YOUR BLUEPRINTS TO NATIONAL FORGE— 
OUR GOOD SERVICE STARTS WITH YOUR INQUIRY 


Steel Makers - Forgesmiths + Heat Treaters 
Machinists « Machinery & Testing Equipment 
Manufacturers. 





AND ORDNANCE COMPANY 


Irvine. Warren County, Pennsylvania 
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KEMP Immersion Heating 
Stops Unnecessary 





Breakdowns 





KEMP POTS won’t 


Aa 


oh 


crack or break... 


offer you big fuel savings 


OR continuous, trouble-free per- 

formance, switch from conven- 
tional underfired heating or melting 
to Kemp Immersion Heating. Then 
like many other industrial users, you 
can use your Kemp Pot continuous! 
in annealing, coating, tempering, de- 
scaling, et« without the threat of 
periodic shutdowns for breakage 
Kemp Pots also eliminate tempera- 
ture override, open flame fire haz- 
ards and the need for many unsight- 
ly external pipes and ducts 


Efficiency With Economy 
With Kemp Immersion Heating, 
you are assured maximum melting 
or heating efficiency . plus an 
estimated savings in fuel of up to 
40% and more. Thanks to Kemp 


' MP IMMERSION MELTING POTS 
f THE C. M. KEMP MFG. CO. 


OF BALTIMORE 


engineering, these savings are built 
into every unit. You get greater 
heating surface, faster heat re- 
covery, lower dross formation, even 
lower room temperatures. There's 
no brickwork to steal heat . . . no 
external combustion chamber 

no carbon monoxide. You're money 
ahead when you switch to Kemp. 


Easy to Use, Easy to Maintain 


The Kemp Carburetor, part of 
each installation, delivers complete 
combustion . . . without waste 
without tinkering. One-pipe air and 
fuel feed reduces installation costs, 
simplifies maintenance. Kemp serv- 
ice also includes a staff of trained 
technicians who are instantly avail- 
able at all times. 


for technical information and facts on how we 


can help you cut your melting costs, write: 


405 E. Oliver St., Baltimore 2, Md. 


+ ATMOSPHERE & INERT GAS GENERATORS 


ADSORPTIVE DRYERS - METAL MELTING UNITS - SINGEING EQUIPMENT - SPECIAL EQUIPMENT 
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Microscope for High-Tem- 
perature Metallography 


(Continued from p, 166) 
ment is divided into three parts: 
the objective, the microscope and 
stand, and the vacuum furnace. 
The construction of the two former 
parts is given in detail, the micro- 
scope body being of a standard 
metallurgical model. The furnace 
is of necessity a high vacuum-type 
(104 mm. Hg) with a heating ele- 
ment consisting of a thin alumina 
plate wound with 16-mil tungsten 
wire. The window through which 
the specimen is viewed is made of 
optical-quality quartz of 1.5 mm. 
thickness. Temperatures are meas- 
ured by a platinum, platinum- 
rhodium thermocouple. 

Heating of the specimen is 
started as soon as the pressure is 
reduced to 5x 10% mm. Hg. The 
specimen structures are thermally 
etched and proceed with a time- 
temperature relationship. 

Photomicrographs are directly 
recorded from the objective and no 
eyepiece is used because full “trans 
mission” peculiar to the reflecting 
objective is lost when a refracting 
component, such as an eyepiece, is 
used in the system. The speci- 
men is illuminated with blue light 
and a fine-grained orthochromatic 
emulsion is used for recordation, 
this type emulsion being chosen 
because of its insensitivity to the 
red light that is given off at the 
elevated temperature of operation. 
Primary magnification is 44 and 
pictures are recorded on 35-mm. 
motion picture film, and enlarged 
whenever necessary. 

Photomicrographs are repro- 
duced in the paper to illustrate the 
performance of the objective and 
equipment on pure iron, lamellar 
pearlite and a hypereutectoid steel. 
Cementite spacings of 0.75 are 
shown to be resolvable. The high- 
est temperature used has been 1830' 
F.; however, this does not seem to 


be the upper limit. 
ye the upy _ R. A. Lone 


Embrittlement of Welds* 


— is devoted to the em- 
brittlement of welds as a result 
of too rapid cooling in a tempera- 
ture range well below A,, and per 
(Continued on p. 170) 

*Abstract of “Microcracks and 
the Low-Temperature Cooling Rate 
Embrittlement of Welds”, by 4 
Flanigan and M. Kaufman, Welding 
Research Supplement, Vol. 16, Decem 
ber 1951, p. 613-s — 622-s, 





FOR A DEPENDABLE HIGH-TEMPERATURE ALLOY 


— — 


a 
ncoloy- 


(32 Nickel — a1 Chfpium 


Pe 


\ 
~ 
“wy i. ~ ? 
Incoloy® is comparable t Inconel® in resi to oxida- 
tion. It is strong at elevated t s and because of 
its lower nickel content, it is superior to Inconel in resistance 
to sulfur attack. 


It is the latest development of the Inco High-Tempera- 
ture Engineers. And its use is permissible for applications 
desctibed in Schedule C to NPA Order M-80. 


It offers good workability and has good welding proper- 
ties. Incoloy is not embrittled by prolonged heating at inter- 
mediate temperatures. It is supplied in the usual mill forms 
—billets, rounds, flats, hexagons, sheet and strip, tubing 
and wire. 


Of course, Incoloy, like all Inco Nickel alloys, is on ex- 
tended delivery due to defense orders. Therefore, it will 
pay you to anticipate your needs well in advance. Give 
NPA rating and complete end-use information when ordering. 

And remember, you can always count on Inco High- 
Temperature Engineers to help you solve your metal 
selection problems—write today for a copy of the High- 
Temperature Work Sheet. It is a simplified form for use in 
describing your particular material problem. 


Ince) 
--ofor The International Nickel Company, Inc. 


Heat- Resisting Applications 
7 67 Wall Street, New York 5, N.Y. 
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ASK BARRETT 


for information on 


DISSOCIATED 


ANHYDROUS 
AMMONIA 


for metal treating 


You effect real economies in metal treating when you use 
Barrett* Standard Anhydrous Ammonia as a replacement for other 
more expensive sources of hydrogen and nitrogen. 

When dissociated, one 150-pound cylinder of Barrett Standard 
Anhydrous Ammonia (Refrigeration Grade) yields 6,750 cubic feet 
of mixed gases—approximately 5,100 cubic feet of hydrogen and 
1,650 cubic feet of nitrogen. 

Engineers have obtained many advantages from the use of dis- 
sociated ammonia as controlled atmosphere in furnaces for bright 
annealing, carbonitriding, clean hardening, copper brazing, sinter- 
ing of metal powder compacts, reduction of metallic oxides, atomic 
hydrogen welding, and radio tube firing and sealing. Anhydrous 
ammonia also has unsurpassed qualities in the nitriding of steel, 
used as ammonia gas or dissociated. 

The advice and assistance of Barrett technical men are readily 
available. For information, contact Barrett, America’s leading 
distributor of ammonia. 


® , Barrett Standard Anhydrous Ammonia 


In 150, 100 and 50-pound cylinders for fast delivery from a 
stock point located near you. And in tank car shipments from 
Hopewell, Va., and South Point, Ohio. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6, N. Y. 


America’s Leading Distributor of AMMONIA 


*Keg. U.S. Pat. OF 
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Embrittlement of Welds 


(Continued from p. 168) 
haps in the neighborhood of 400° 
F. Numerous tests bend, tensile, 
fatigue, notch-impact were con- 
ducted at room temperature to sup- 
plement the earlier work at 100° 
F. conducted by the University of 
California at Los Angeles. The 
material used was semikilled %-in. 
S.A.E. 1020 plate and ,4-in. E6010 
and E6016 electrodes. Bead-on-plate 
welds were uniformly tested four 
days after welding, and the results 
of a mechanical test were related 
to microscopical studies of minute 
internal fissures, variously termed 
“microcracks” and “microfissures”. 

With E6016 electrodes (low- 
hydrogen) no fissuring occurred, 
although this condition could be 
induced by introducing a stream 
of hydrogen during welding, or by 
soaking the electrode in water. 
Even quenching in liquid nitrogen 
would produce no fissures in single 
beads from properly used E6016, 
but there was a slight indication 
that fissuring might develop. in 
multibead layers. In marked con- 
trast, bead-on-plate welds from 
E6010 disclosed a_ profusion of 
fissures when water-quenched, al- 
though none appeared in air-cooled 
specimens. The embrittling influ- 
ence of these fissures became clearly 
evident under direct tensile load- 
ing; in fatigue testing the stress 
limit for 5 « 106 cycles dropped 
from 44,000 down to 26,000) psi. 
when fissures were present. 

Neither magnetic particle in- 
spection nor penetrating liquids are 
sufficient to detect these microfis- 
sures, because the cracks lie in 
central sections of the weld. Me- 
chanical polishing obscures them 
and etching is likely to result in 
some confusion with interdendritic 
separations, unless the metal is first 
recrystallized. The authors used 
electrolytic polishing (without etch- 
ing) with much success. They show 
the importance of the type of sec- 
tion for displaying a maximum 
count of fissures: (a) transverse, 
~5 fissures; (b/) longitudinal 
vertical, ~75 fissures; and (c) lon- 
gitudinal-horizontal, ~600 fissures 
(per linear inch). 

As for the cause of the fissuring, 
the authors continue their excellent 
argument in favor of hydrogen, 
showing by experiment that neither 
nitrogen nor retained austenite is 
a cause, and argue with good rea- 
son that the entire behavior of the 
fissuring phenomenon is consistent 

(Continued on p, 172) 





HEAT RESISTING 
7A A KY | Pee 


IN ROLLED MILL FORMS 


Sheets Plates —__ Rounds @ Squares Hexagons @ Flats a. Angles. 
Channels LJ Sections ~ by PipeO Nuts Welding Rod = a 


Misco Sheet and Plate is 
Stocked in following sizes: 
36” x96” — 48” x120” 
.062 Sheet to %” Plate 


Flats, Rounds and 
Hexagon Bars 
Stocked 


MISCO offers unexcelled warehouse facilities to users of heat- 

resisting chrome-nickel alloys in all standard mill forms. To suit 

individual service conditions Misco sheet and plate is available j Rolled Heat ang 
in four metals at no premium in price for stock sizes over mill f . na rsicee: Alleys ™ 
shipments. Rigid quality control based on twenty years’ experience fg 

makes Misco rolled alloys ideal metals for fabricated heat and 

corrosion-resistant processing equipment. Send your warehouse 

and mill orders to Misco. Telephone WAlnut 1-4462, Detroit. 


PRop 
ers » 

tv 

* SaerIwe conten 

Mes enaay 





‘\ 
OUR BUSINESS IS WAREHOUSING ROLLED ALLOY MILL FORMS OF: 
MISCO METAL ....35 Ni — 15 Cr—1% Si. .A.1.S.1. Type 330 
25 Cr — 12 Ni A.LS.1. Type 309 Monthly Stock List — Write for 
A.1.S.1. Type 310 it. Whenever you need rolled 
MISCO 430 A.1.S.1. Type 430 heat resisting alloys always 
check the Misco Stock List first. 


If you do not receive our 





ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


LUIS CO) One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alleys 
4815 BELLEVUE AVE. + DETROIT 7, MICHIGAN 
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MARTINDALE 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced 
in our own factory where uniform hard- 
ness is assured by heat-treating in elec- 
tric furnaces on which the temperature 
is closely controlled by electric eyes 


AF (Files) 


Sets AB & AF 
SOR xu 
2 to 11 sets 
12 or more . 


Per Set 
$11.05 net 
9.75 net 
8.45 net 
The above sets, with \” diameter 
shanks, are of the 8 
popular sizes for general use. 


composed most 


Over 200 sizes and shapes (total over 


75,000 pieces) are carried in stock for 
immediate shipment. 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 
4 types for ferrous and nonferrous metals 
Diameters range from 13%” to 4”. 


“MOTOR-FLEX” 
GRINDERS 


These high- 
quality, port- 
able flexible- 
shaft tools are 
made in 7 
types for oper- 
ation on bench, 
floor, or over- 
head. 


Write for 64-page Catalog No. 28 


covering above and many other products 
for maintenance, safety, and production. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohio 
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Embrittlement of Welds 


(Continued from p. 170) 
with the hydrogen theory. Because 
of the seriousness of the problem 
under consideration, from engineer- 
ing and military standpoints, the 
results of this study should be com- 
pared carefully with the “hydrogen 
theory for brittle ship plate” dis- 
cussed in Metal Progress for June 
1951. Anyone having had experi- 
ence with “flakes” or “shatter 
cracks” in steel forgings is certain 
to be struck rather forcibly by the 
comparison of the flake problem 
with the problem of brittleness in 
welded steel, to the point of regard- 
ing the microfissure 
“microflake”. 


simply as a 


C. A. ZAPFFE 


Recrystallization and 
Fabrication of Tungsten* 


1 power THE war, the Australian 
Government operated a_ plant 
to produce tungsten rod and wire. 
While this plant was in operation, 
a number of experiments were car- 
ried out to determine the recrystal- 
lization characteristics of tungsten 
and to develop optimum 
schedules. 

It is well known that tungsten 
must be worked below its recrys- 
tallization temperature so that a 
“fibered” grain structure is produced 
if the material is to behave satis- 
factorily during working and the 
resultant metal is to be ductile. 
This was first established by Dr. 
W. D. Coolidge in 1909. In order 
to avoid recrystallization, the work- 
ing temperature must be reduced as 
the work progresses and the amount 
of cold work in the metal increases. 

It was the original practice in 
the Australian plant to press the 
powdered tungsten into square bars 
which were sintered 
into rounds. 


working 


and 
These round rods were 
annealed prior to further working 
by passing through each rod an 
electric current equal to 54% of 
that necessary to fuse a rod. With 
this practice, from 40 to 60% of 
the rods had to be rejected because 
they cracked during 
working operations. 
Experimental work aimed at re- 
ducing the rate of rejections dis- 
closed that the controlling factor 
was the temperature of the anneal. 
(Continued on p. 178) 


swaged 


subsequent 


* Abstract of “Recrystallization of 
Tungsten”, by A. L. Simmons, Metal 
Industry, Vol. 79, Dec. 21, 1951, p. 


519-520. 





Tempilstiks 


ging / 


A simple method of 
controlling temper- 
atures in: 


© WELDING 

© FLAME-CUTTING 

© TEMPERING 

© FORGING 

© CASTING 

@ MOLDING 

@ DRAWING 

© STRAIGHTENING 

@ HEAT-TREATING 
IN GENERAL 


Also 
available 
in pellet 
and 


liquid 
form 


it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 
the Tempilstik® mark melts, 
the specified temperature has 
been reached. 


gives up 
to 2000 
readings 





Available in these temperatures (°F) 





113, | 263 | 400 950 1500 
125 | 275 | 450 1000 1550 
138 288 500 1050 1600 
150 | 300 | 550 1100 1650 
163 | 313 600 1150 1700 
at 325 | 650 | 1200 | 1750 
200 | 338 | 700 1250 1800 
213 | 350 | 750 1300 1850 
225 363 800 1350 1900 
238 375 850 1400 1950 
250 | 388 | 900 1450 | 2000 


FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy” 
— 16%” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 


Ne CORDON: 
me >< SERVICE: >: 
CLAUD S. GORDON CO. 
Manufacturers & Distributors 


Thermocouple Supplies + Industria! Furnaces & Ovens 
Pyrometers & Controls » Metallurgica! Testing Machines 


Dept * 3000 South Wallace $t., Chicago 16, Ill. 
Dept. * 2035 Hamilton Ave., Clevel 14, Ohice 





























A NY tiny production improvement looks 
big when it can be multiplied by acres 


of machines. But even without that—in an 
average size screw machine products shop 
like Borneman & Peterson’s at Flint, Michi- 
gan—the improvement effected with Cities 
Service cutting oil registered impressively. 
“We were getting fair results,” write Borne- 
man & Peterson, “before ever talking it over 
with a Cities Service Lubrication Engineer.” 
But they did talk it over, and then tried 
out his recommendation on a regular job of 
cutting 42” x 1” slots in tough tool steel. At 
once, the use of Cities Service Chillo cutting 


oil notably improved product quality. 


So...“We then tried using Chillo 10 on 
our threading machines, and found that not 
only do we get a better thread, but we have 
increased chaser life approximately 25%.” 

From there on, still more uses have kept 
turning up in this shop for Cities Service 
cutting oil, simply because it distinctly pays 
off ...as it always does when a Cities Service 
Lubrication Engineer offers pinpointed lu- 
bricating recommendations. He draws on the 
c-o-m-p-l-e-t-e Cities Service industrial line, 
and on deep, wide experience. You can draw 
on him by writing CiTreEs Service OIL 
Company, Dept. E-20, Sixty Wall Tower, 
New York City 5. 


CITIES @) SERVICE 


QUALITY PETROLEUM PRODUCTS 
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--- OFFERS A 
COMPLETE LINE OF 
EQUIPMENT FOR THE 


Metallurgical Laboratory | 





Buehler specimen preparation equip- 
ment is designed especially for the metallurgist, and 
is built with a high degree of precision and accuracy 
for the fast production of the finest quality of metal- 
lurgical specimens. 


1. No. 1315 Press for the rapid moulding of specimen 
mounts, either bakelite or transparent plastic. Heating ele- 
ment can be raised and cooling blocks swung into position 
without releasing pressure on the mold. 


2. No. 1211 Wet power grinder with 3/4” hp. ball bearing 
motor totally enclosed. Has two 12” wheels mounted on 
metal plates for coarse and medium grinding. 


3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1/2". Powered with a 3 hp. totally enclosed motor 
with cut-off wheel, 12” x 3/32” x 1-1/4". 


4. 1505-2AB Low Speed Polisher complete with 8” balanced 
bronze polishing disc. Mounted to 1/4 hp. ball bearing, two 
speed motor, with right angle gear reduction for 161 and 246 
R.P.M. spindle speeds. 


5. No. 1700 New Buehler-Waisman Electro Polisher pro- 
duces scratch-free specimens in a fraction of the time usually 
required for polishing. Speed with dependable results is ob- 
tained with both ferrous and non-ferrous samples. Simple to 
Ooperate—does not require an expert technician to produce 
good specimens. 





6. No. 1410 Hand Grinder conveniently arranged for two 
Stage grinding with medium and fine emery paper on twin 
grinding surfaces. A reserve supply of 150 ft. of abrasive 
paper is contained in rolls and can be quickly drawn into 
position for use. 


7. No. 1400 Emery paper disc grinder. Four grades of abra 
Sive paper are provided for grinding on the four sides of 
discs, 8” in diameter. Motor 1/3 hp. with two speeds, 575 and 
1150 R.P.M. 


8. No. 1015 Cut-off machine for table mounting with sepa- 
rate unit recirculating cooling system No. 1016. Motor | hp. 
with capacity for cutting 1” stock. 











THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT 
INCLUDES... . CUT-OFF MACHINES @ SPECIMEN 


MOUNT PRESSES @ POWER GRINDERS e@ EMERY 

4 / / PAPER GRINDERS @ HAND GRINDERS @ BELT 

SURFACERS @ MECHANICAL AND ELECTRO POLISH 

ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 

&b Lt ° 
Paetwmtaiturer 

METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. 


METAL PROGRESS; PAGE 174 

















Drandpa ever Threw a 


It's only human to want to hold on to 
things alter they'\ ce outlived their use 
fulness. That's why today millions of 
tons of worn-out and obsolete equip 
ment and machinery are lying for 
gotten in the country’s plants and 
factories and on farms. 

Ihe steel industry needs these mil 


lions of tons of dormant scrap, needs 


BETHLENEM STEEI 


COMPANY, 


Thing Away 


it in the worst way. With this vital 


dormant s« rap the entire steel supply 
picture would brighten up, with more 
steel for everybody But without it, 
the steel industry cannot hope to keep 
up production at present levels 

Call in a scrap dealer now, today. 
He will buy your dormant sc rap and 


start it moving toward the steel mills. 


BETHLEHEM, PA. 


More Scrap Today...More Steel Tomorrow 
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RARE EARTHS 


are No Longer Rare! 


NEW abundance of raw materials obtainable within 
the United States, newly developed methods of refine- 
ment, new knowledge of the extraordinary properties 
of some of the “rare earth” substances for highly 
technical uses... 

Such are the considerations that have led the 
Molybdenum Corporation to make substantial invest- 
ments in a mining property, modern equipment, and 
continuing technical research. 

Whatever your present or future interest in rare 
earth materials, inquiry directed to the Molybdenum 
Corporation will be welcomed. Not only production 
facilities but MCA knowledge and experience are at 
the service of industry. 

As a supplier of Molybdenum, Tungsten, Boron, and 
other alloying elements, the Molybdenum Corporation 
invites and solicits correspondence. 


MOLYBDENUM 
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AMERICAN Production, American Distribution, American 
Control, Completely Integrated 


Offices: Pittsburgh, New York, Chicago, Cleveland, Detroit, 
Los Angeles, San Francisco 


Sales Representatives: American Steel and Supply Co., Chicago; 
Edgar L. Fink, Detroit; Brumley-Donaldson Co., Los Angeles, 
San Francisco 
Subsidiaries: Cleveland-Tungsten, Inc., Cleveland, O.; General 


Tungsten Manufacturing Co., Inc., Union City, N.J. 


Works: Washington, Pa.; York, Pa. 


CORPORATION OF AMERICA 
Grant Building Pittsburgh, Pa. 








“PRECISION” IN 
CASTING — 


“The most significant casting since the Liberty Bell,” said 
a U. S. Senator, as the bright, new symbol of America’s 
Free Press—the first heroic sculpture cast in stainless 
steel—was unveiled on the facade of the Associated Press 
Building in Rockefeller Center, New York, by Nelson 
Rockefeller in 1938 


Now, after fourteen years, many, who get around, have 
seen Isamu Noguchi’s masterpiece, produced by General 
Alloys, weighing ten tons, and measuring 18 by 23 feet. 
The plaque was widely heralded as a milestone in art, 
metallurgy, architecture, and foundry practice. More re- 
cently, it has been recognized as the outstanding example 
of true precision of close-tolerance casting 


Precision, like Virtue, is a relative term and, likewise, is 
oft proclaimed by possessors of a marketable minimum. 


Loose talk about close-tolerance in as-cast castings is 
quite general. Unfortunately, the term “precision cast- 
ings” has evolved, through use and misuse, to become a 
trade designation of castings produced by variations of the 
ancient Chinese lost-wax, dental, or “investment” casting 
process. Accuracy is most certainly not inherent in such 


processes 


Dimensional accuracy in any casting process is no better 

than the patterns, mold surfaces, rigging, and controls 

“Investment” casting is limited by the compound variables 

in shrinkage and deformation, by the multiplied “revers- 

als” or transfers of form, which are (1) master pattern 

to wax molds, (2) wax mold to wax “pattern”, (3) wax 

yatte i Ps "mold, (4) old to cas » - 

Sn coh agen “bene eaveny” anh quem Eade ae Sculptor Isamu Noguchi at Work on His Model of the Rockefeller Plaque 
personic-vibro-solidified honey”, often replace wax.) 


Between the limited fields of small investment castings, A LARGE ORDER FOR CLOSE TOLERANCE 

and G.A. advanced large casting techniques, lies a rich 

and challenging middle ground for casting development Let’s factually consider “precision”. The plaque was cast in nine sec- 
G.A.’s uprecedented research and development in ad- tions, up to 5,000 pounds each. Individual sections were cast to tolerances, 
vanced castings process is attaining increasing recognition in “thousandths” per foot, that make “precision casting”, generally, look 
and application. Prejudice, related to experience with crude 

“conventional” and “precision” castings—not fairly appli- 
cable to “High Integrity” castings—will be overcome by 
product performance 


Consider the deep three-dimensional composition of compound curves and 
angulated planes that had to be matched precisely in three dimensions at 
right-angle joints 


“High Integrity” castings are improbable from metal The nine sections were machined on the flat matching edges only. Re 
poured in contact with organic sand bonding materials moval of metal at other points would alter design and contour, would de 
and the products of their distintegration (whether called form the sculptor’s composition. Each part was cast to size, plus or minus 
“shells” or “cores”). Ninety per cent of the current prog- tn”, 2 max. 4%” allowance for edge-finishing the almost invisibly matched 
ress in “shell” molding results from elaborately mecha- joints. Minute surface variations at joints were blended by Noguchi per 
nized tooling, individually engineered, in “captive” found sonally, using a portable grinder—after the plaque was erected 
ries of major industry 
The %” total as-cast tolerances were maintained over surface distances 
approximately twenty-five feet. Compare this with “precision” casting 
tolerances of .005” per inch (which is 4” in 100 inches, and unacceptable 
in a tractor frame or an R. R. car truck.) Now, multiply .005” by 300” 
and you get 1.5” as against the 4%" plaque tolerances! 





“How did you calculate the different shrinkages between the ‘mountainous 
and simpler sections so the right-angle joints would come out square?’ 
asked an “expert” who had told the Rockefellers that the plaque couldn't 
be cast. “That's simple,” we answered. “We just discarded the ‘shrink 
rule’ along with other crudities of inherited process.” 


Photo of 10-ton 
18’ x 20’ stainless 
steel plaque on 
Associated Press 


feller Center GENERAL ALLOYS COMPANY 


largest cast stain- “Oldest & Largest Exclusive Mfr. of Heat & Corrosion Resistant Castings” 
less steel sculp- ; — 4 . 4 
ture made by BOSTON, MASS. OFFICES IN PRINCIPAL CITIES 
General Alloys 
Co. in 1937 

An “Aditorial” by the President of General Alloys 








CUT YOUR ANALYSIS TIME 


10% to 80% 


with PUSH-BUTTON Spectrometry 


How much is your furnace time 
worth? A minimum value in many 
metal-producing industries is $1 to 
$2 a minute. 





How long does sample analysis 
take, by standard chemical 
means? An average value would be 
from 15 to 20 minutes per analysis, 
using established wet-chemical labo- 
ratory methods. 








In a year, how much does this 
represent in $$$$$? Many pro- 
ducers run 7,500 to 10,000 heats 
during a year. With a standard 
analysis on each heat, this means a 
total cost of $112,500 to $400,000 
a year, in furnace time effectively 
lost. 


LuinSasint oR kets 
OF THIS TOTAL COST 
$75,000 to $300,000 
IS NEEDLESS WASTE 








baw. 


The Baird Associates-Dow Direct Reading Spectrometer permits a 
total analysis cycle — from furnace to laboratory to furnace correction 
— in about 5 minutes. 





The “Direct Reader” is DIRECT — large clock-type dials indicate 
the percent concentration of each alloying element, in about 40 sec- 
onds after the single button control is pushed. 





A complex analysis for 15 alloying elements takes no longer than 
a simpler analysis for 5 elements. 





A conference with a Baird Associates engineer will be 
arranged at your request and convenience. Our new 
Bulletin #34, on Direct Reading Analysis, is furnished 
free to those who request it. 


Baird ~Associates. Inc. 


33 UNIVERSITY ROAD CAMBRIDGE 38, MASS. 
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Recrystallization and 
Fabrication of Tungsten 


(Continued from p. 172) 
When annealing currents equal to 
48, 53, and 57% of the fusion cur- 
rent were used, the percentages of 
rejects were respectively zero, 
80%, and nearly zero; with higher 
currents the percentage of rejects 
increased progressively. Metallo- 
graphic examination showed that 
at 48% of fusion current the tem- 
perature was low enough that there 
was no recrystallization; at 53%, 
there was partial recrystallization; 
at 57% recrystallization was just 
complete. 

These tests showed that unre- 
crystallized rods gave no rejects in 
subsequent working, while partially 
recrystallized rods gave a high pro- 
portion. Rods in which recrystal- 
lization was just complete also gave 
a low percentage of rejections; the 
percentage of rejections increased 
if the treatment was carried to a 
higher temperature, resulting in a 
larger grain size. 

The foregoing experiments sug- 
gested that the anneal be omitted 
altogether. When this was done, 
the rejects were consistently from 
5 to 10%. 

The temperatures required to 
completely recrystallize tungsten 
bars in 30 sec. were determined 
experimentally after the bars had 
been cold worked — that is, working 
at any temperature below recrys- 
tallization temperature to total 
reductions of area varying from 0 
to 95%. The author presents a 
graph of the results, plotting re- 
crystallization temperature against 
prior “cold” work (reduction in 
area). These tests disclosed that 
some recrystallization was occur- 
ring during the original working 
schedule and led to a_ modified 
schedule in which the temperatures 
are somewhat lower throughout. 

The swaging temperatures de- 
termined by the experiment are 
quite similar to those determined 
by trial and error (bars cracked if 
temperatures were too high) except 
in the region between 50 and 80% 
reduction, where the _ trial-and- 
error temperatures are somewhat 
higher. The experiment also dem- 
onstrated in a nice way the already 
known fact that cold work at first 
only gradually lowers the recrystal- 
lization temperature, but after large 
amounts of cold work the influence 
of further small reduction will cause 
a large drop in the recrystallization 
temperature. 

H. B. Goopwin 





ith out Me 


this new engineering data book on thermocouples 


You need this up-to-the-minute 56-page 
edition of Bristol's famous book if you're 
involved with thermocouples and pyrom- 
eters of any kind. It's free for the asking 
Here's what you get in its three, fact-packed 
sections... 


Reproducibility, Proper Location and In- 
stallation of Thermocouples, etc. 


2. You get a Buyer's Guide...a complete 
catalog listing assembled thermocouples 
and replacement parts for all standard in- 
stallations (special uces, too) . . . with full 


1. You get @ User's Manval...filled with data specifications, prices, illustrations so han- 


you'll constantly refer to for the right ther- 
mocouple and protection tube for every 
purpose. Included are tables, charts, etc., 
on Factors Affecting Thermocouple Life, 


dily indexed ordering’s a cinch. 


3. You get Thermocouple Calibration Data 
.. complete, easy-to-use tables of calibration 
data for all commonly used base-metal and 


Corrosion and Poisoning, Thermocouple 


BRISTOL 


The dependable Suidepoit 
of Indl 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 


rare-metal thermocouples. 


THE BRISTOL COMPANY 
106 Bristol Rood 
Woterbury 20, Conn. 


Please send free book on Bristol Thermocouple and 
Pyrometer Accessories 


NAME_ 
COMPANY_ 


ADDRESS 
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when analysis, are important 


SPECTROSCOPY IS ESSENTIAL 


Latest in the large and 
growing line of Jaco 
Spectrochemical Instru- 
ments. The 3.4 Meter Stig- 
matic Grating Spectro- 
graph and Varisource Ex- 
citation Unit for high alloy 
steel, mineral, and high 
temperature alloy analysis. 


— are they getting out of hand in 
your analyses for research or production 
control? Time then that you discover the 
significant economies effected through the 
use of Jaco spectrochemical equipment. 
Tests have shown that complete determina- 
tions (seven elements) in aluminum, for 
example, total as much as six dollars 
less per sample by spectrochemical 
analysis than by wet chemical meth- 
ods. Steel analyses show comparable sav- 
ings. What’s more, when you use a spec- 
trograph, the addition of determinations 
in any given alloy has only negligible 
effect on costs. 


What can spectrographic analysis mean in 
dollars and cents to you? Jaco technolo- 
gists are anxious to show you — write for 
their help today. 


JARRELL-ASH COMPANY 


165 NEWBURY STREET 
BOSTON 16, MASS. 


BRANCH OFFICES: DETROIT - EL CERRITO, CALIF. - CHATTANOOGA 
FINE SPECTROCHEMICAL INSTRUMENTS for SCIENCE and INDUSTRY 


METAL PROGRESS; PAGE 180 





Study Formation of 
Zinc Crystals* 


N ANNEALING a deformed metal, 
O recrystallization takes place by 
what is usually considered to be a 
process of nucleation and growth. 
At the same time, those properties 
of the material which are changed 
by cold work are restored to their 
original value. How this takes place 
in zine specimens was studied by 
heating samples on the stage of a 
standard Vickers projection micro- 
scope and examining them under 
polarized light, using mercury-are 
illumination. 

A camera body for 35-mm. film, 
incorporating automatic film move- 
ment after each exposure, was at- 
tached to the eyepiece tube of the 
microscope by a Leica microscope 
adapter, making it possible to ob- 
serve the specimen continually 
through the eyepiece of the Leica 
attachment while it was being 
heated and, when recrystallization 
began, to take a rapid succession 
of exposures. 

The specimen of electrolytic zinc 
was about % in. in diameter and 
about ‘% in. thick. It was mounted 
in a small brass ring that fitted 
closely into a circular recess in an 
electrically heated brass block, in- 
sulated from the microscope stage. 
Temperatures were measured by a 
thermocouple inserted in a hole in 
the block. 

When the photographs had been 
taken the specimen was removed 
and repolished electrolytically. By 
means of small locating points in 
the brass ring, the identical field 
could be located and photographed 
to give an independent check of the 
structure shown by polarized light. 

Results indicate that the growth 
of a nucleus during recrystallization 
of deformed zinc is very irregular. 
Growth varies with the direction, 
and from point to point in a crystal, 
and apparently can stop altogether 
for relatively long periods. In par- 
ticular, it can be affected markedly 
by grain and twin boundaries, and 
by other discontinuities. This er- 
ratic action implies that a small 
crystal will not grow uniformly 
when_ it is of about the same size 
as the matrix crystal, suggesting the 
need for a re-examination of the as- 
sumptions involved in the statistical 
method of approach to the recrystal- 
lization problem. A. H. ALLEN 


*Abstract of “The Study of Re- 
crystallization in Zine by Direct Ob- 
servation”, by G. Brinson and A. J. W. 
Moore, Journal of the Institute of 
Metals, Vol. 79, Part 6, 1951, 





corr on UNTO 


If it is necessary to control furnace temperatures in a 
heat-treating operation, it is equally important to control 
temperatures when quenching. Quenching in an oil bath 
controlled by a B & G Hydro-Flo Oil Cooling System is 
assurance that the standards of your product will be 
maintained. 


Oil is circulated at high velocity and with strong turbu- 


This diagram illustrates 
a batch quench oil cool- 
ing system as engineered 
and equipped by Bell & 
Gossett Company. The 
various BEG units in- 
clude an Oil Cooler, 
Centrifugal Pumps, Oil 
Strainers and Quench 


Tank. 


B&G Series “OC” 
Hydro-Flo Olt 
Cooler 
Completely self- 
contained, factory 
assembled with all 
necessary controls 
and base mounted 
for easy installa- 
tion and immediate 

Operation. 


*Reg US. Pat. Off 


in Quality 


‘has uniformly quenched 


lence through the quench tank .. . then cooled and pumped 
back again. All through the quench period the oil is kept 
at whatever temperature is desired. Thus every batch is 
quenched under identical conditions and every batch 
emerges from the quench identical in quality! 

Write for literature. The B & G engineering staff is 
always ready to help with your quenching problems. 


SYSTEMS 
Bees & GOSSseETT 


SO) sees poe oe 


Dept. CM-16, Morton Grove, Ilinois 
Canadian Licensee: S. A. Armstrong Lid., 1400 O'Connor Drive, Toronto, Canada 
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GASMACO’S 


Desirable savings in nickel and other critical materials can be 
accomplished through new methods in design and construction 
of industrial furnaces by The Gas Machinery Company. 


Specifications for forging and heat treating can be met by 
employment of a rotary furnace, the construction of which re- 
quires only refractory and moderate quantities of carbon steel. 
Rotary furnaces require less investment for the same duty, and 
results are superior. 


Other Gasmaco accomplishments include the use of silicon 
carbide in roller hearth furnaces, replacing alloy steel. For 
practically all applications where alloy steel tubes and rollers 
were formerly used, silicon carbide can be substituted, with 
greater benefit. 


Our furnace engineers will be glad to point out the many 
advantages of Gasmaco developments and industrial heat 
applications which may fit your requirements. 


SALES REPRESENTATIVES 
LEWIS C. BAXTER McCONNELL SALES & C. E. NOBLE 
2207 Ashland Avenve ENGR. CORP. bgt ns sy 2 Co. 
Toledo 10, Ohio 2809 Central Avenve owe Son 4 
Birmingham 9, Alabama LaGrange, Ohio 
AS M R ‘ 
CHRISTY FIREBRICK CO. We OS ee oe 


(Canada) itd. 
506 Olive Street 9 McNab Street 


St. Lovis 1, Missouri Hamilton, Ontario, Canada 


1 ACHINERY COMPANY DesignerseFabricatorseErectors 


Gas Plant Equipment and 
\c-eiee- me s Bhs selene tes -¥>) Industrie! Furnaces 


THE GAS MACHINERY CO. (Canada), Ltd. 
CLEVELAND 10, OHIO [oa 


EMIL J. KUKA 
53 West Jackson, Room 733 
Chicago 4, Illinois 
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Chemical and 
Crystallographic Analysis 
With Electron Beams* 


N ELECTRON MicKOSCOPE of the 
A electrostatic type was used to 
produce the electron beam with 
which the composition of metal 
surfaces was determined. Each ele- 
ment in the metal gives off charac- 
teristic X-rays by means of which 
a point-to-point chemical analysis 
can be accomplished with very 
little use of standards. The mini- 
mum diameter of precipitate sus- 
ceptible to quantitative analysis is 
on the order of a micron and with 
a resolving power of about one 
cubic micron. Qualitative analysis 
can be made on smaller precipitates. 

Applications of the method to 
metallurgy include the establishment 
of intermetallic diffusion curves, 
investigation of local variations in 
concentration within alloys, and 
especially the analysis of segrega- 
tions, precipitates or inclusions of 
unknown or less known nature. 

A curved quartz spectrometer 
with a decade scaler and a Geiger- 
Miller counter is used for analyzing 
the emitted X-rays. By moving the 
quartz plate on its focal circle, it 
is possible to obtain successively the 
selective reflection of the character- 
istic rays of the different elements. 
A 1% precision is possible in a 
measurement lasting 10 to 20 sec. 

Either the K or the L radiations 
of the elements can be used in 
quantitative analysis. For each se- 
lective reflection of a K wavelength, 
the doublet Ka,-Ka, is very well 
resolved; the spectrograph is then 
adjusted for each element so as to 
obtain the maximum for the Ka, 
reflection and the corresponding re- 
flected intensity is measured in num- 
ber of counts per second. 

These intensities are indicated as 
I,, and I(A,) are the reference in- 
tensities provided under the same 
conditions of electron excitation by 
the elements A, taken in the pure 
state. To a first approximation the 
ratio I,,/I(A,) is equal to the con- 
centration of A, in the alloy and 
this concentration is furnished di- 
rectly as the ratio of two readings 
on the spectrograph, obtained by 
bringing successively under the im- 
pact of the beam the point of the 
alloy to be analyzed and a standard 

(Continued on p. 184) 


* Abstract of “Application of Elec- 
tron Beams to a Point-to-Point Chem- 
ical and Crystallographic Analysis”, 
by R. Castaing, La Recherche Aéro- 
nautique, Vol. 23, 1951, p. 41-50. 





Whence 3000 Carhade 
OF Strap a 


Every pound of dormant serap 
you can furnish will help to 
keep the steel mills and 
foundries producing 


hae 


Steel mill furnaces are gobbling u What you can do to help 
scrap faster than it’s being delivered. - Appoint one top official in your plant 
To maintain planned schedules of steel to take full responsibility for surveying 
production for both military and civil- the plant and getting out the scrap. 
ian purposes, the mills must have . Consult with your local Scrap Mobiliza- 


more iron and steel scrap tion Committee about its om to 
: help out in the scrap crisis. The nearest 


office of the National Production Au- 
Get in the Scrap— Yourself! thority, Department of Commerce, can 
tell you who your local Scrap Mobili- 

Whatever your business, you un- zation chairman is. 
doubtedly have scrap. If there’s dust . Call in your local scrap dealer to help 
on it or rust on it—it may be scrap. you work out a practical scrapping 
If it’s scrap—it’s needed. program. Non-ferrous scrap n , too! 
: . Write for free booklet, “Top Manage- 
Turn it over to your local scrap ment: Your Program for Emergency 
dealer and help lick this critical scrap Scrap Recovery”, addressing Advertis- 
shortage. ing Council, 25 W. 45th St., N. Y. 19. 





FACTS YOU SHOULD KNOW ABOUT STEEL PRODUCTION 


29,500,000 gross tons 
Estimated purchased scrap requirement*. . 1952 36,200,000 gross tons 


*All consumers 











This advertisement is a contribution, in the nati linterest, by 





METAL PROGRESS 


MAY 1952; PAGE 183 








ESTABLISHED 


NATIONALLY ACCEPTED 


TESTING 
MACHINES 


BRINELL 
DUCTILITY 
COMPRESSION 
TENSILE 
UNIVERSAL 
TRANSVERSE 
HYDROSTATIC 


Sr cepthcane a? 


and Special Testing Machines 
built to your specifications. 


Send for 
this 








ly 
TestingMachinesnc 


8835 Livernois © Detroit 4, Mich. 
Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest) 

(] Brinell Hardness 

(_] Compression 

(] Transverse 


[_]} Duetility 
() Tensile 

a Hydrostatic 
[_]} Proving Instruments 


NAME 


TITLE 
Attach coupon to your letterhead 
and mail 














METAL PROGRESS; PAGE 184 


Chemical and 
Crystallographic Analysis 


(Continued from p. 182) 

of pure A,. A second approximation 
is also given, as well as corrections 
for self-absorption of X-rays in the 
sample and for fluorescence. 

Possibilities exist for the point- 
to-point crystallographic analysis 
with the same apparatus by using a 
monocrystalline anode. 

SAMUEL MILLMAN 


Cold Working of 
Co-Cr-Ni-Fe Base Alloys* 


pene REPORT is part of a continuing 
study by the authors on a “super- 
alloy” base of 20% nickel, 20% chro- 
mium, 20% cobalt, balance iron, with 
or without minor additions of tung- 
sten, molybdenum, and columbium. 
Five variations consisting of the 
base alloy, base plus 2%, 4% and 
6% tungsten and base plus 2% tung- 
sten, 3% molybdenum and 1% co- 
lumbium (low-carbon N-155 alloy) 
were cast as 12-lb. induction furnace 
heats and hot forged into bar stock. 

The bar stock was tested in three 
conditions: (a) Solution treated for 
1 hr. at 2200°F., water quenched; 
(b) solution treated and cold worked 
15% on the cross section at 80° F.; 
(c) solution treated and cold worked 
40% on the cross section at 80° F. 
Creep tests at 1200°F. were con- 
ducted, along with X-ray diffraction 
studies of “as prepared” specimens 
and after holding up to 1000 hr. at 
1200, 1400 and 1600° F. 

The results were correlated with 
the authors’ previous work and the 
work of others, leading to the fol- 
lowing conclusions: 

1. The tungsten and combined 
tungsten - molybdenum - columbium 
additions do not affect the funda- 
mental effects of cold work on the 
base matrix. 

2. The optimum amount of cold 
reduction for resistance to creep at 
40,000 psi., 1200° F., is about 25%. 

3. Degree of stress relaxation 
(as measured by line sharpening in 
X-ray diffraction) indicates that cold 
work will be effective in improving 
creep resistance for time periods up 
to 1000 hr. at temperatures up to 
about 1600° F. C. T. Evans, Jr. 


* Abstract of “Fundamental Effects 
of Cold Work on Some Cobalt- 
Chromium-Nickel-Iron Base Creep- 
Resistant Alloys”, by D. N. Frey, J. W. 
Freeman and A. E. White, Technical 
Note 2586, January 1952, National 
Advisory Committee for Aeronautics. 


“‘Orange-Peeling”’ of 
Aluminum” 


Y SUBSTITUTING a subcritical an- 

nealing treatment for the 800° F. 
anneal formerly used, it has been 
possible to eliminate the serious 
“orange-peeling” encountered on 
stretch-pressed aluminum alloy skin 
on the DeHaviland Vampire fin. 
Because of its double curvature, this 
part had been manufactured by two 
interstage superanneals followed by 
a final solution treatment and 
stretching to final shape. The origi- 
nal procedure was: 

1. Superanneal (heat sheet to 
800° F., cool at 27° F. per hr. to 525° 
F., withdraw from furnace and cool). 

2. Fold sheet over 2-in.-diameter 
mandrel, followed by first-stage 
stretching. 

3. Superanneal. 

4. Second-stage stretch-pressing. 
5. Solution treat. 

6. Third-stage stretch-pressing. 
7. Fourth-stage stretch-pressing. 

Although the superanneal put the 
sheet into a very ductile condition 
with only 10,500 psi. proof stress 
and 17% elongation, it also con- 
tributed greatly to the orange-peel 
because this phenomenon resulted 
from a critical combination of cold 
work and recrystallization due to 
the annealing cycle. The orange- 
peel was not only bad from the 
standpoint of surface finish, but also 
had poor mechanical properties, far 
below the minimum specified re- 
quirements. A _ precipitation treat- 
ment at 350° F. for 5 hr. regained 
some of the desired strength, al- 
though not all material was suffi- 
ciently improved to be used; the 
precipitation treatment did not cor- 
rect the poor surface condition. 

Rather extensive research was 
undertaken to investigate the cause 
of orange-peel. From the results of 
this program, the following facts 
were established: 

1. Orange-peel occurred only 
on “superannealed” sheet. 

2. It was evident only on mate- 
rial which had been subjected to a 
plastic deformation of at least 10% 
in the superannealed condition. 

3. The condition appeared after 
stretching subsequent to the re- 
solution treatment. 

4. The orange-peel indicated 
low mechanical properties. 

Once it was clear that the orange- 

(Continued on p. 186) 


* Abstract of “Overcoming Orange 
Peeling on Stretch-Pressed Aluminum 
Alloy Aircraft Skinning”, by G. W. 
Weeks, Metallurgia, Vol. 44, Decem- 
ber 1951, p. 287-290. 








For your SINTERING 


have the BEST equipment 


Cash in on Hayes know-how and experience in solving sintering 
problems. Freely use our extensive laboratory facilities. Correct 
furnace design and atmosphere control vital in producing quality 
powder metal parts. Hayes’ electric furnace design, backed by 
46 years experience, assures: 


— absolute production control over time, temperature 
and atmosphere in both sintering and hardening. 


— highest degree of uniformity throughout the produc- 
tion cycle. 


— scale-free, clean or bright sintering and hardening. 


—retained properties of color and carbon content (can 
increase carbon content if desired). 


— controlled carbo-nitriding. 


You receive the maximum in quality and economy of production 
because of the years of experience Hayes has had in customers’ 
plants, and because by our Laboratory facilities we PROVE 
BEFORE PURCHASE the superior results you will get. Standard 
or special —-we study your needs and give you EXACTLY the 
furnace and atmosphere equipment to assure you the fullest ad- 
vantages of modern powder metallurgy. 


“Large volume at low cost’, Andy Wayson, Merriman Bros. 
“Sintering and hardening in one furnace”, M. Joseph, Pres., M. Joseph Sewing Machine Co. 


“Laboratory facilities, WITHOUT CHARGE”, Carl Hayes, C. I. Hayes, Inc, 
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“Orange-Peeling”’ of 
Aluminum 


(Continued from p. 184) 

peel definitely resulted from the 
superanneal, an attempt was made 
to soften the sheet sufficiently for 
forming by use of a subcritical an- 
neal. Temperatures of 525, 575, and 
625° F. produced adequate ductility 
without excessive grain growth, but 
it proved impossible to obtain a full 
10% deformation on the pieces an- 
nealed at 625° F. An interstage an- 
neal of 1 hr. at °F. was therefore 
tried. No orange-peeling was ob- 
served and the desired mechanical 
properties were maintained. Since 
the sheet was not quite so ductile 
as when in the superannealed con- 
dition, it was necessary to decrease 
the amount of deformation in the 
first and second stages of stretch- 
pressing, but the third- and fourth- 
stage deformation could be increased 
proportionately. It is interesting to 
note that careful refrigeration of the 
sheets after the re-solution treat- 
ment prevents aging, and makes it 
possible to carry out two stretch- 
pressing operations (the third and 
fourth) with only one solution 
treatment. 


R. H. SPARLING 


Wear on Cemented 
Carbide Tools* 


M*" THEORIES explaining the su- 
4 perior wear resistance of car- 
bide tools are based on their high 
melting point, red hardness and high 
hardness at room temperature. The 
work described in this paper started 
from a different approach to the 
wear and cratering problems and 
led to some new conceptions of the 
wear process and the factors in- 
volved in tool life. 

Wear is any process by which 
material is removed from one or 
both surfaces moving in contact 
with each other. The wear of cut- 
ting tools may occur by several fun- 
damentally different processes, the 
following being some which should 
be considered: 

1. Wear may be caused by the 
shearing or breaking off of irregu- 
larities on the surface due to me- 
chanical forces. Hard inclusions in 
the work material that plough 
grooves in the tool surface are an 
example. 

2. Wear may occur if the tool 

* Abstract of “Some Factors Affect- 
ing Wear on Cemented Carbide Tools”, 
by E. M. Trent, The Engineer, Vol. 
192, Nov. 9, 1951, p. 599-600. 





PURE DUCTILE 
ZIRCONIUM 


@ lodide processed Zirconium of highest purity for commercial use. 


@ 20% lighter than steel. 


@ outstanding resistance to corrosive attack by both acids and 


alkalies. 
@ remarkable gas absorption properties. 


Zirconium is ductile and malleable. Its use in atomic 
as a “getter’’ in electronic tubes... as an 
additive in metal alloying . . . as an igniter in flash bulbs 
and as a non-corrosive metal in surgical specialties are a 
few of Zirconium’s applications. Investigate Zirconium, 


reactors. . 


the metal with a future. 


Price reductions averaging 50% have been made on 


Foote Zirconium rods, sheets and wire. 


Write now for the new Foote Zirconium price schedule 
and data. Experimental samples are available upon 


request. 


FOOTE MINERAL COMPANY 


424 Eighteen W. Chelten Building 
Philadelphia 44, Pennsylvania 
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and workpiece surfaces are welded 
together by chemical action and 
frictional heat and are then torn 
apart, fragments from both surfaces 
passing off in the process. This usu- 
ally leads to extremely rapid wear 
and very rough surfaces on the 
workpiece. 

3. Wear due to chemical and 
mechanical forces can occur if the 
very clean surfaces resulting from 
the cutting process, heated by fric- 
tion, are also subjected to chemical 
attack by an external agent. For 
example, air would produce oxides 
on the tool surface which would 
then be removed easily by the work 
material, thus continually exposing 
a fresh surface to oxidation. How- 
ever, evidence that air does not have 
ready access to the cutting surfaces 
during high speed cutting suggests 
that this is not an important factor 
in tool wear. 

4. A process which can be re- 
garded mainly as “chemical” wear 
may occur if the temperature at the 
friction surface reaches the melting 
point of either the tool or the work, 
or of any alloy between the two. 
Particularly with the alloys may the 
surface be regarded as being dis- 
solved away by chemical reaction 
and diffusion. This process prob- 
ably plays a large part in the cra- 
tering type of wear. 

Evidence has been obtained that, 
during friction at high speeds, a 
fused alloy can be formed between 
tungsten carbide and steel, the melt- 
ing point of the alloy being not 
higher than 2372°F. This is lower 
than for tungsten carbide and nearly 
360° F. lower than that of many 
steels. Experimental evidence of 
such actual fusion during friction 
came from examination of a bearing 
that seized during running at a sur- 
face speed of 4250 ft. per min. The 
sleeve consisted of cemented carbide 
containing tungsten carbide, tita- 
nium carbide and cobalt; this ran 
on a steel shaft. The action of the 
steel on the carbide during seizure 
was not one of mechanical grinding 
but of selective chemical attack by 
the steel on the tungsten carbide 
grains which were under the influ- 
ence of the high local temperatures 
generated by friction. 

In view of the examples which 
had been found in which fusion 
occurred during friction, experi- 
ments were carried out to determine 
the temperatures at which carbides 
react with steel to give a molten 
phase. Three different types of 
cemented carbide specimens were 
used: (a) Tungsten carbide and 
cobalt; (b) tungsten carbide, tita- 

(Continued on p. 188) 





The Right Belt 


for the lok sil | oft 


Correct Furnace Belt selection assures longer life, 
greater efficiency. Ashworth engineers have the 
ability to recommend the right type of belt for serv- 


ice of a cyclic nature, from room temperature to 
2050° Fahrenheit 


> Metal Belts 


for the handling 


\ of all materials 


wr 


ASHWORTH BROS., INC 


Los Angeles * New York * Philodelphic + Pittsburgh * Seattle 
Canadian Rep., PECKOVER’S LTD. . Toronto Montreal 


WRITE FOR 
MLUSTRATED 
CATALOG 47P 








BUZZER Gas BIIRNERS 
For Many Industrial Gas Vses 


NO BLOWER or POWER NECESSARY 
++. just connect to gas supply 


Ring Burners 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER” Burners are unexcelled for 
Efficiency, Economy, Simplicity and Flexibility. 
Large variety of models available. 


Send for the “BUZZER” Catalog showing complete line of 
industriel Ges Burners, Furnaces and other equipment. 


CHARLES A. HONES., rnc. 


123 So. Grand Ave. Baldwin, L.I.,N.Y 





LABORATORY EQUIPMENT CORP. 
Hilltop Road © St. Joseph 11, Michigan 


SAVE 
MONEY: Long life at high 


temperatures 


LIME: No preheat re- 
quired before putting 
cold tube into anon 
Lasts longer in service. 
Tough, durable. 


WRITE FOR 
LITERATURE TODAY! 


Also available: Leco Zir- 
con Refractory Ware 
Catalog, listing combus- 
tion boats, tubes, crucibles 
and other high tempera- 
ture ceramic shapes. 
=e me ee ee eee 
[) Send ieco Combustion Tube Catalog 
i Send Leco Combustion Boat literature 
% | Nome ae | 
Position ’ 
Company - én | 


eo 8 OEE | 


ihn am a an en an anan anal 
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Wear on Cemented 
Carbide Tools 


(Continued from p. 186) 
nium-tungsten carbide and cobalt; 
and (c) titanium-tungsten carbide 
and cobalt. These specimens were 
ground and lapped on one side, 
placed on ground steel surfaces, 
heated in a vacuum furnace to tem- 
peratures from 2280 to 2460° F. for 
10 min. and furnace-cooled. 

When carbide (a) was heated, 
there was very little reaction at 
the interface until the temperature 
reached 2420° F. Then the tungsten 
carbide reacted with the steel to 
form a molten phase that was ab- 
sorbed into the cemented carbide 
testpiece. 

Cemented carbide (b) was at- 
tacked very slowly by the steel at 
temperatures below 2370° F. and 
much more rapidly at 2420° F. and 
over. Microsections through the 
interface showed that at the higher 
temperatures the tungsten carbide 
grains had dissolved out of the test- 
piece, leaving the titanium-tungsten 
carbide grains intact. 

Cemented carbide (c) in which 
no free tungsten carbide was pres- 
ent was attacked only very slightly 
by the steel even at 2460° F. 


These experiments show that 
rapid reaction of tungsten carbide 
and steel, with the formation of the 
molten phase, occurs between 2370 
and 2420° F., while titanium-tungsten 
carbide is practically unattacked by 
steel up to 2460°F. and probably 
higher. Therefore it may be postu- 
lated that the cratering on tools of 
the tungsten carbide-—cobalt type 
used to machine steel is due largely 
to the formation of an extremely 
thin fused layer between the chip 
and tool surfaces, consisting of an 
alloy of tungsten carbide with steel 
which melts at a temperature of 
about 2370° F. The superior resist- 
ance to cratering of tools containing 
small amounts of titanium carbide 
can likewise be attributed to the 
superior resistance of titanium- 
tungsten carbide to attack by steel 
at high temperatures. The satisfac- 
tory use of tungsten carbide on cast 
irons may be explained by the fact 
that the melting point of cast iron 
is well below 2370° F. 

The most important objection to 
the theory is that it is questionable 
whether temperatures as high as 
2370° F. can be generated at the 
friction surface. Since the chip sur- 
face when cutting at 
100 ft. per min. is extremely clean, 
it seems probable that such temper- 


speeds over 








Simple to operate—no special 
training required, these sturdy uni- 
versal testing machines are depend- 
able and moderately priced. 


Wide working clearances, long 
stroke, quick-action simplified vari- 
able speed control, improved grips 
and a wide spread of load scale 
ranges adapt this modern, stream- 





Make Your Own Tests in Your Plant 
Save Time and Test Costs. . . 


NATIONAL FORGE Universal Testing Units 


Prompt Deliveries. For details, write for Brochure 501 
Testing Machine Division 


yaaa FORGE & ORDNANCE CO. 


IRVINE, WARREN COUNTY, PENNA. 


Model TMU-A—Height 44", 
width 64"; weight 1200 ibs 


lined unit to production, research 
or school instruction tests of a great 
variety of materials and specimen 
sizes. accuracy require- 
ments are guaranteed. 


Three load scale ranges: Mode 

J-A — 0-30,000, 0-6000, 0-600 

Ibs. Model TMU-B— 0-1'5,000, 
0-3000, 0-300 Ibs. 
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atures can be generated, owing to 
the very high coefficient of friction 
known to exist between clean metal 
surfaces. Any fused layer is likely 
to be very thin, especially at low 
surface speeds possibly only a small 
number of atoms in thickness. 
J. H. Crawrorp 


Control of Porosity 
in Gunmetal Castings* 


AX” HING that helps in the pro- 
duction of pressure-tight cast- 
ings of leaded bronze is of interest. 
The object of this investigation was 
to learn to what extent metal that 
was gassed during melting would 
give pressure-tight castings, with 
particular consideration as to 
whether the gas absorbed from 
“metal-mold” reaction is more bene- 
ficial than gas absorbed during melt- 
ing. The alloy used was 85 Cu- 
5 Sn-5 Pb—-5 Zn. It was found 
that by increasing the phosphorus 
content from 0.02 to 0.08% the 
“metal-mold” reaction was greatly 
increased. Raising the pouring tem- 
perature also increased the reaction. 

Leaky castings of a small valve 
body with thin walls were elimi- 
nated, some 50 castings being made 
with no “leakers”. However, if the 
phosphorus content was not in- 
creased, 13 out of 57 castings leaked. 
Test bars (poured at the same time 
as the castings) used as controls for 
gassiness of metal indicated that 
voids must be kept below 2% if 
good results are desired. 

This would seem to be an in- 
stance where Spire’s method (see 
page 176 of Metal Progress for De- 
cember 1951) using a porous disk 
in place of a pipe would be an 
advantage. It should be observed 
that the number of castings made 
for this investigation is hardly 
enough upon which to base a defi- 
nite finding, there being only two 
leaky castings in one instance and 
one in the other; furthermore, in 
both instances the leaky condition 
of a casting was attributed to the 
presence of dirt. Undoubtedly a lot 
of work was done that has not been 
mentioned in the article; neverthe- 
less, the beneficial effect of a small 
amount of gas resulting from “metal- 
mold” reaction is shown, as also is 
the undesirability of having gas 
present in the as-poured metal in 
excess of the amount producing 
over 2% voids in the bars. 

H. J. Roast 

* Abstract of “Pressure-Tight Gun- 
metal Castings”, by L. Buckley and 
E. C. Mantle, Foundry Trade Journal, 
Vol. 91, December 1951, p, 727-729. 








WHICH OF THESE HEAT-TREATING 
PROBLEMS IS YOURS? 


Westinghouse RF heating helped Saco-Lowell solve all six 


Saco-Lowell Shops, makers of outstanding textile 
machinery, had always experienced problems with 


hardened bottom front rolls. 


A Westinghouse 50 KW-450 KC RF Generator, 
with two standard vertical scanners, helped increase 
line production rates by 145‘¢ with total annual 
savings of $18,800.00. Direct labor costs have 
been cut 63°¢. Journal bearings are now ground 
after hardening, producing a higher quality roll. 
Formerly, every shaft required straightening; now 
this operation has been simplified and costs are 


reduced 70%. 


Look at the results obtained by Saco-Lowell with 

a Westinghouse process that can handle 432 differ- 

ent rolls. Examine your heat treating problems. 

eeeeeeeeeeeeeeeeeeeeeeneeeee They. too, may be reduced, clarified, or 


Westinghouse Electric Corporation eliminated entirely. 
Department P-43 
2519 Wilkens Avenue + Baltimore 3, Maryland 


Send me your imtormative case history booklet 


INDUCTION HEATING 
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Microscope, camera and light source 
in one convenient unit! 


fitz Panphot 


Universal Metallograph 


In the Panphot, Leitz offers the perfect combination 
of research microscope and reflex camera for the 
metallurgical research laboratory. Operating parts 
for observation and photomicrography are right at 
hand, and you can change from one to the other 
quickly and dependably ... without moving from 
your chair. Light source, microscope and camera are 
permanently aligned inasingle, easy-to-use instrument. 


Designed to meet a wide range of needs, the Panphot 
permits the use of reflected light, darkfield illumina- 
tion and polarized light. A full line of accessories is 
available to equip the instrument for all types of 
photomicrography, photomacrography and for draw- 
ing and projecting micro images. The Panphot takes 
2%" x 4%" or 4" x 5” plates or cut film for both 
black and white and color work. 


Another of the famous Leitz microscopes, recognized 
everywhere as the finest microscopes made anywhere. 


For details, write Dept. IA 
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES «© LEITZ SCIENTIFIC INSTRUMENTS 


BINOCULARS © LEICA CAMERAS AND ACCESSORIES 
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New Tool Steel Warehouse 
The Ziv Steel & Wire Company an- 
nounces the opening of new and larger 


tool steel warehouse at 


1053 Custer Drive 
Toledo 12, Ohio 


A complete line of tool and die steels 


will be stocked. 


Mr. William P. Stead is Manager 
Gus F. Ziv, President 


Ziv Steel & Wire Company 


2945 W. Harrison St. Chicago 12, Ill. 




















O[UMBIA 


MOTOR GENERATORS 


for 
Electroplating 
Anodizing 
Electrocleaning 
Electropolishing 


TONG TEST 
AMMETERS } 


@ REVERSING 
SWITCHES 


@ TANK 
RHEOSTATS 


Write for Descriptive Bulletins al 


COLUMBIA ELECTRIC MFG. CO. 


4531 Hemilton Ave. « Cleveland 14, Ohio 














METAL SHOW NEWSletter 


NATIONAL METAL EXPOSITION & CONGRESS - Philadelphia - Oct. 20-24 


The National Metal Exposition for '52 is sold out! 


Right to the last square foot of floor space originally laid out-——-and there's a 
growing list of unhappy firms who have previously exhibited waiting for a "break" 
-——-for a chance to grab off space somebody might not need. The show management 
is now checking over the Philadelphia Convention Halls and an additional 
exhibit area is being planned. 


Weeks ago the Big Show was being harassed and crowded for space. The demand for 
space began early, refused to taper off, kept on building up until a new record 
for early sell-out was established. 


That's pretty significant. It means that the momentum built up by the Big Show 
year after year is carrying over in exhibitor space demand just as the Detroit 
Show of last year carried over in sales results long after the Michigan State 
Fairgrounds was deserted. 


For exhibitors, the 1952 Big Show interest, its early sell-out and the terrific 
impact it's sure to have on Big Show visitors is an added "plus" certain to affect 
sales and sales planning. Last year's Big Show sold a whopping total of products 
and services, kept right on selling and gave exhibitors——-who had what metals 
industries folks were looking for-———a pleasant surprise. 


Alert, aggressive outfits are using what they learned at Detroit last year to 
bolster and strengthen their plans for Philadelphia. It was obvious, from space 
demands, that many an exhibitor was determined to make the Metal Show a vital 
part of his last-quarter sales drive. Bigger space, displays that combine motion, 
color, light and keen interest, are on the drawing boards now, will start coming 
off and getting into production well ahead of last year's timing. 


Non-exhibitors at Detroit weren't wasting their time, either. A good number of 
those who couldn't get space moved their sales staffs in anyway, checked the Big Show 
carefully, watched what competition was doing and what was selling. The same thing 
will happen again; it does every year. Basically, metals industries people come 
to the Metal Show to see what's new, to study it and determine how it will fit into 
their plants. New methods, services, products-——-improved models and even models 
not yet in production——all got their share of interest at Detroit. 


Significant, too, was the high percentage of top industrial brass present at 
Detroit. Scores of presidents, executive veepee's, other key men rubbed elbows with 
production chiefs, engineers, metallurgists and plant superintendents. Long ago 
the nation's more alert top management saw the wisdom of attending the Big Show-——-of 
seeing, first hand, what was doing--—-what the metals industries people wanted. 

Here, as at no other show in America, the spirit-——-the problems——-the needs and wants 
of a vast metal working, metal handling industry are talked over, analyzed, studied 
for future product moves, sales techniques, service developments. That's why 








METAL SHOW NEWSletter 


there'll be a bigger number of top brass in evidence at Philadelphia. It's good for 
the "boss" to get out and learn what his key men are learning. 


There's wisdom in knowing what's doing on the competitive front. More and more 
top brass is making sure its metallurgists, designers and engineers "make" the 
Big Show...because more and more answers are coming out of what's seen there...what's 
discussed. When key men get a welcome "break" from their over-—burdened desks and 
get out to see what other men are doing, how they're doing it and why, it serves as 
the best refresher under the sun for jaded ideas, shopworn incentives, 
can't-be-done attitudes. 


American Society for Metals chapter officers can do much to get metallurgists, 
designers, etc., free from desks to visit the Big Show. Most every company president 
or his executive veepee will see the smartness of getting his men to the Big Show-—- 
if it's brought to his attention. That's where the ASM chapter chiefs can do 
some yeoman work-—-they can call or personally visit such management men in their 
areas and tell ‘em what other top management men are doing to free their staff 
men for the Big Show's far-reaching, stimulating medicine. 


Special Note to Philadelphia Exhibitors: 


There's every indication that this will be the biggest of all Metal Shows in point 
of attendance. Because of this, American Society for Metals is urging that right 
now exhibitors list the 100 preferred customers or prospects they'd like to see 
attend the Metal Show. Mail that list to ASM headquarters, and ASM will add the 
names you send in to the list of folks getting Metal Show promotional material. 


The kind and calibre of the people who attend the Metal Show is pretty important 
to every exhibitor. That's why admittance is by invitation only. That's why 
anything and everything you can help ASM do to make sure the people you want to see 
attend the Metal Show will pay big dividends. Mail in your lists of 100 now...or 
send ASM a copy of your list when it's ready. Metal Show promotions will not 
mention exhibitors by name as the source of mailing list names and every exhibitor 
will get every promotion piece so he'll be kept right up to date on what's doing 
and how it's being done. 


The '52 Metal Show sword-and-plowshare symbol and the undeniable statement that 
Metal Keeps the Peace have sparked a tremendous interest in the '52 Metal Show 
among many of the nation's top business and industrial writers. It's a theme that 


makes sense and good copy. Use it where and when you can to keep rolling the already 
powerful lure the Metal Show has for your customers and prospective customers! 


More later watch for it! 


AMERICAN SOCIETY for METALS 


7301 Euclid Avenue Cleveland 3, Ohio 


W. H. EISENMAN, Managing Director Phone: UTah 1-0200 CHESTER L. WELLS, Assistant Director 











KING PORTABLE 
\q i 
BRINELL 
Single 

HARDNESS TESTER Polisher 
Eliminates excessive material 

handling costs in routine and 

special Brinell hardness test- : No. 53-450 
ing. The King Portable 

Brinell can be carried to the 

work, used in any position, 

and always puts an actual 

load of 3000 kg. on the 10- 

mm. ball indenter. 


oad EBERBACH 
is 27-lb. portable tester 
has a 4-in. rrr throat and 


a gap 10 in. high. For larger METALLOGRAPHIC POLISHERS 

pieces, the test head is easily 

iT i Clions * " . 

leuka do coed ob ae var ‘4 > For preparation of fine metallographic specimens — 

standard base. : Oe ge it te. - the sturdy, smooth operating mechanism is carefully 

Simple to operate, the tester is impossible to overload balanced for long life. A sixth H.P. motor turns 

. a] 8 impossible to d, ae . 

and even with inexperienced operators will provide con the polishing wheel through a speed-reducing, torque 

sistent accurate results well within the requirements of increasing V-belt drive at speeds of 500, 650 or 800 
the Bureau of Standards. r.p.m. Write for Bulletin 90-1. 


amar CELL cones 
KIN G ANN ARBOR. MICH. “Susee ee 
ARDMORE, PENNA. Telephone 2-5634 Teletype ANN 776 























EVANSTE 


or strend@t! 


Today's top alloy for maximum re- 


sistance to high temperature appli- parts subjected to repeated shock, 
cations and to concentrated or 


: . : abrasion and vibration stresses. It 
dilute commercial acids and corro- : . 

sive gases. It's a “must” for chemi- permits use of smaller and lighter 
cal and food processing equipment, sections without lowering the safety 
furnace parts, and heat treating factor. For dipper teeth, bucket 
operations. lips, gears and pinions. 


PYRASTEEL Pump Shell Casing EVANSTEEL Wire Rope Socket 


Is a high tensile-strength alloy for 


High-serviceability PYRASTEEL 
and EVANSTEEL Alloys are em- 
ployed in a host of applications 
throughout the industrial world. 
If you have a problem involving 
the use of alloy parts, consult our 
experienced engineering staff for 
expert recommendations, without 
obligation. 


Write Today for Bulletins 


CHICAGO STEEL FOUNDRY CO. 


Kedzie Ave. & 37th St., Chicago 32, til. 
Makers of Alloy Steel for Over 40 Years 
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© AGF Continuous ||| °° <= ster qos con soe it! 
Rotary Retort Furnaces 














THE NEW 
| PYRO RADIATION 
PYROMETER 
, ceil Tells spot temperatures instantly 
Sen viel in heat-treating furnaces, kilns, forgings 
and fire boxes. No thermocouples, lead 
wires or accessories needed! Temperature is in- 
Just dicated on direct-reading dial at a press of the 
sight it button. Any operator can use it. In two double- 
3 an ranges for all plant and laboratory needs. 
and press the 


Model No. 1: 1000-1800° F. and 1800-2600° F 
button | Model No. 2: 1400-2400° F. and 2400-3400° F 


.... for flexibility and low- 
cost production heat treating 














AGF ROTARY RETORT FURNACE Model No. 139M 


The over-all economies of operation afforded by 
AGF Rotary Furnaces produce a substantially 
lower cost per unit of work heat treated than is 
possible with any other type of furnace. 


Work Handling Is Minimized. AGF Continuous 
Rotary Furnaces have adjustable, self-metering 
feed hoppers which permit preloading of work. 
If desired, continuous feeding mechanisms may be 
employed to completely eliminate the need for 
an operator 


Uniformity of Product is assured by 
1. Retort rotation thoroughly mixing 
the work 


Positive control and maintenance 
of atmosphere in the retort. 


Long Alloy Life is realized because the retort re- 
mains in the heat at all] times. 


Versatility. Rotary Furnaces are used in the metal- 
working industry without modification for various 
types of general and atmosphere work, such as 
clean hi irdening, carburizing, case hardening, nor- 
malizing, and Ni-Carbing. In the process indus- 
tries, these same furnaces are used for calcining 
carbonates and nitrates, burning garnet grain and 
other similar processes 


Various Sizes are available to suit your particular 
requirements. 


For your production heat treating, 
investigate AGF Rotary Furnaces. 


© Write Us Today © 


g/AMERICAN Gas FURNACE Co 
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Write for FREE Catalog No. 100. 
PYRO OPTICAL 
PYROMETER 
Accurate temperatures at a glance! 


Any operator can quickly determine tempera- 
tures on minute spots, fast-moving objects and 
smallest streams. Completely self-contained. 
No calibration charts or accessories needed. An 
accurate, direct-reading Pyrometer that pays for 
itself by helping prevent spoilage. Weighs 3 lbs. 
Available in 5 temperature ranges (1400° F. to 
7500° F.). Write for FREE Catalog No. 80 


THE PYROMETER 
INSTRUMENT COMPANY 


New Plant and Laboratory 
Bergenfield 8, N. J. 











Wanted 
ENGINEERS and SCIENTISTS 


Unusual opportunities 
for outstanding and experienced men. 
These top positions involve preliminary and productiot 


design in advanced military aircraft and special weapons 
including guided missiles. 


Immediate positions include: 
Electronic project engineers 
Electronic instrumentation engineers 
Radar engineers 
Flight test engineers 
Stress engineers 
Aero- and thermodynamicists 
Servo-mechanists 
Power plant installation designers 
Structural designers 
Electro-mechanical designers 
Electrical installation designers 
Weight control engineers 


Excellent location in Southern California. Generous 


allowance for travel expenses. 


Write today for complete information on these essen- 
tial, long-term positions. Please include resume of your 
experience and training. Address inquiry to Director of 
Engineering, 

NORTHROP AIRCRAPT, Inc. 
1055 E. Broadway 
Hawthorne (Los Angeles County), Cal. 

















to give YOU 
absolute uniformity 
with balanced 
electrical 

loading ! 





The revolutionary Thermo-Induction Heater gives 
you greater production... more efficient operation 

. with absolute uniformity in heating, and BAL- 
ANCED ELECTRICAL LOADING. Billet after 
billet is heated consistently and evenly ... and with 


he d v etration attai ri ~ycle 
Retinal ternene, ieneeherdibeine the deep, even penetrat attained with 60 cycle 
and dependability, have made Loftus a service. 

byword in heat treating shops through- 
ae The whole operation is automatic ... clean... 


efficient. 
Send today for descriptive folder: "60 Cycle 
Induction Heating by Loftus.” 


Write for information on greater efficiency 
in aluminum melting furnaces. 


ENGINEERING CORPORATION 


Designers and Builders of Industrial Furnaces 
610 Smithfield Street, Pittsburgh 22, Pennsylvania 
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ALCOA makes a 


complete line of 


This new MOGUL unit is built 
to deposit lead and tin base 
solders, silver solder and 
brazing wires in a liquid or 

1 hd semi-liquid form to any con 
corrosion:resistant 2 yt 
al High or Low Qpeed. Moving 
part travels at desired speed 
as Gun adjusts to your spe 
4 cific application 
M4 3 2 / Pinpoint Location. Deposits 
Alum num F solder or brazing wire to 
exact spot for clean seam 
material saving 
j Extremely Versatile. | se Gun 
for constant or intermittent 
work of any type, regardless 
fa ste ners of shape, joints, connections, 
terminals or seams, Seam sol 
dering speeds up to as much 
as 200 lineal ft. per min. 


- 


ch 
Nk 
ee 


Saves Time * Saves Solder 


Recent installation of a Mogul Gun 
afforded a reduction of 75% ia aber 
costs plus pooescihte solder savin 
Perhaps Mogul can do the same for 
you. Write today for full information 


METALLIZING COMPANY OF AMERICA 
Dept. MP. 3520 West Carroll Ave., Chicago 24, Illinois 


Nuts, screws, bolts, 


eeteweee 


washers and rivets are 


4 


available in 
all standard 
sizes and threads. 
Piece for piece 
they cost less 
than any other 


quality line of 


fe le f 


corrosion-resistant 


Sh 
vveeeee 6 | Game 


4 


- 
, 


fasteners. 


- 
to (mle 


P OR BL 
ALUMINUM COMPANY OF AMERICA 


HARDNESS TESTER 
1925E Gulf Building 
Pittsburgh 19, Pa. ACCURATE 85 


fo + 1.5 pts. ROCKWELL! 
to + 5 pts. BRINELL! 


NOW! At-the-job, direct readings of all metal 
types, sizes and shapes. Quick and simple. . . 
just press handgrips, read dial. Unskilled labor 
can test assembly line work. No conversion 
scales, no calculations! Ideal for parts, finished 
products regardless of how large or small. Rock- 
well “A”, “B", "C” scales. Low and medium 
Brinell scales. Both standard and superficial 
readings in one instrument! 

NOW 6:30 P.M, EDST every Sundey—"SEE IT WRITE NOW FOR BULLETIN ET301 

NOW" with Edward R. Murrow ... brings the MANUFACTURED IN THE UNITED STATES 


eS ee NEWAGE INTERNATIONAL, INC. 


235 EAST 42nd STREET, NEW YORK 17, N. Y. 


; 
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Co-sponsors of the National Metal Congress and Exposition 
American Society for Metals . . . American Welding Society 
. - « American Institute of Mining & Metallurgical Engineers 


(Institute of Metals Division) .. . Society for Non-Destructive 
Testing, Inc. 


PHILADELPHIA OCT. 20-24 
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How Pittsburgh Brushes 


IMPROVE QUALITY! 


1. Finishing 
stainless 
steel sheets! 


Brushes formerly 

used by the East- 

ern Stainless Steel 

Corp. to produce a dull satin finish on 

stainless steel sheets were unsatisfactory. Ridging 

and uneven finish had to be eliminated from these sheets, 
used to press laminated plastics. Pittsburgh engineers recom- 
mended a Spiral Wound Tampico rotary brush—now uniform 
finishes are no problem! 


92, Cleaning welds! 


The Globe Company required 

a brush that would get welds 

in meat handling equipment 

completely clean and smooth 

pockets left in welds might 

trap food particles. 

Pittsburgh suggested 

a coarse wire, extra 

heavy fill rotary 

brush. Now pockets 

are completely elimi- 

nated and finishing operations 
are speeded up. 


iS Reconditioning automotive 
connecting rods! 


How to rid reconditioned 


engine rods of grease, gum, 
etc., without harming preci- 
sion surfaces? When Federal 
Mogul! Service presented this 
problem to Pittsburgh en- 
gineers, Pittsburgh recom- 
mended a number of stand- 
ard brushes, mounted on two- 
and four-horsepower motors 
One man now cleans up to 
500 pieces a day, without 
damage ... problem solved! 


Let Pittsburgh Engineers Solve Your 

Brush Problems. Pittsburgh’s complete line of | 

brushes of every type, for every purpose, will 

provide a practical and economical solution of 

any brush problem you might have. Drop us a 

line on your company letterhead for a copy of our new booklet 
that shows, through actual case histories, how Pittsburgh 
brushes can help cut your operating costs. Address: 
PirrsBurRGH PLatre Giass Company, Brush Div., Dept. W-7, 
3221 Frederick Ave., Baltimore 29, Md, 


PITTSBURGH 


Gute Lee 


BRUSHES * PAINTS * GLASS * CHEMICALS * PLASTICS 


PITTSBURGH PLATE GLASS COMPANY 
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INDUSTRY LEADERS 


PROVE HOW YOU CAN STEP UP 
OUTPUT OF SMALL PARTS 


REDUCE MACHINING 
TIME, COSTS WITH 


PRECISION 
INVESTMENT 


CASTING 


* * * 


At Plant after plant, engineers 
are finding that they can save 
on production of high quality, 
intricate parts by installing 
Precision investment casting 
equipment. 

Precision investment 
is particularly 
suited to quan- 
tity output of 
small parts to 
close tolerances 
with fine sur- 
face finish. 

Let us show you 
how this new 


casting 


Photo 


Send today for 
new booklet 
MODERN PRECISION 
INVESTMENT CASTINGS 


Arwood Precision Casting Corp 
Intricate, smal! castings like these are 
easier to produce, require less finishing 


production method can be ap- 
plied to your own plant, to 
step up output . . . reduce costs, 
save time. We will be glad to 
help you plan a complete in- 
vestment cast- 
ing plant .. . or 
show you how 
new Saunders 
equipment will 
increase the ef- 
ficiency of your 
casting opera- 
tions. 


ALEXANDER SAUNDERS & Co. 
Precision Casting Equipment & Supplies 


93 BEDFORD ST. 


WAtkins 4-8880 


NEW YORK 14, N. Y. 
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a a 


versatile, accurate, Ppp re 


a precision micro-hardness tester for the metal- 


lurgist, 


mineralogist and research chemist, the 


mh micro-hardness indenter: 

@ attaches interchangeably with objectives of 
conventional table-type microscopes 

€ yields hardness values in terms of 
STANDARD VICKERS NUMBERS 

7 economically converts present microscope to 
a complete micro-hardness tester 

@ employs dead-weight loading (25 to 100 


grams); 
arms to adjust 


ERB & GRAY 


specialists 
scientific and optical 


instruments 


no springs to calibrate, no lever 


details on request 


854 so. figueroa st 


los angeles 17, calif. 








Detroit ROEKING Electric Furnaces build 


long service record—melting bronze 
for the Jeffrey Company foundry 


At The Jeffrey Manufacturing Company, Columbus, five Detroit Electric 

Furnaces have made excellent records melting bronze for worm wheels, 

bearings, bushings, electrical contacts, and pressure-type castings. In hun- 

dreds of other foundries, Detroit Furnaces are doing equally outstanding 

jobs melting bronze, iron, and steel alloys. 

Detroit Rocking Electric Furnaces turn out fast melts of uniform high 

quality metal. Close control of analysis produces metal of desired analysis 

time after time, with optimum use of power. The melts are homogeneous, 

thoroughly mixed by the rocking action of the furnace. Electrodes are free 

of the molten metal at all times, reducing carbon pick-up to an absolute 

minimum. 

Long life of Detroit Electric Furnaces is documented by such installations 

as that shown. Economies are proven, too—accomplished by full use of 

power, less heat loss, reduced metal shrinkage, more heats per day, less 

metal waste per melt, and reduced out-of-production time because of longer Better melts, faster melts —rocking 
refractory wear and easy shell replacement. estlen Gees 0 Gat the Gace en eet 
Detroit Rocking Electric Furnaces are tailored to your operating needs. 


) it e Detroit Rocking Electric Furnaces can 
Capacities from 10 to 4000 pounds, for ferrous and non-ferrous melting. do for you! Send us your data now! 


DETROIT ELECTRIC FURNACE DIVISION 


KUHLMAN ELECTRIC COMPANY, BAY CITY, MICHIGAN i 
Uf 
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